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Appendix A
Expected Leachate Design Concentrations and

Absorbed Radiation Dose
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Table A-2. Expected peak inorganic concentrations in leachate.

Maximum Leachate Average Leachate

Constituent” Concentration (mg/L)b Concentration (mg/L)b
Aluminum 28.3029 28.3022
Antimony 0.1165 0.1164
Arsenic 1.8470 1.8434
Barium 3.5848 3.5843
Beryllium 0.0011 0.0011
Boron 36.4728 36.4292
Cadmium 0.5917 0.5911
Calcium 4035.0217 4030.1943
Chloride 31.1061 28.1653
Chromium 1.3691 1.3689
Cobalt 0.5999 0.5996
Copper 1.4906 1.4902
Cyanide 4.0932 3.8059
Dysprosium 0.2472 0.2472
Fluoride 64.4341 58.3424
Iron 46.5528 46.5516
Lead 0.5753 0.5753
Magnesium 883.9838 882.9262
Manganese 4.1300 4.1295
Mercury 49.7230 48.1710
Molybdenum 1.0117 1.0111
Nickel 0.1964 0.1964
Nitrate 65.4429 59.2558
Nitrate/Nitrite-N 3.6979 3.3483
Nitrite 0.1414 0.1281
Phosphorus 19.2492 19.2261
Potassium 74.8819 74.8518
Selenium 0.2084 0.2080
Silver 0.1092 0.1092
Sodium 2.7716 2.7714
Strontium 1.5094 1.5087
Sulfate 342.1180 309.7736
Sulfide 12641.8391 11446.6606
Terbium 2.3867 2.3866
Thallium 0.0037 0.0037
Vanadium 3.5063 3.5028
Ytterbium 0.8124 0.8123
Zinc 12.9486 12.9437
Zirconium 0.1151 0.1151
Total Inorganic Concentration 18367.1936 17116.2485

a. Constituents based on the design Inventory (2001 EDF-264)

b. Peak and average concentrations during the 15 year active life of the landfill assuming the entire mass is
placed in the landfill (EDF-ER-274)
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MONTGOMERY WATSON HARZA

Description: Radiation dosage to ICDF liner resulting from leachate exposure

Project #: 2470178
Prepared by: J. Thompson

Date: 10/6/01 VARIABLES
Checked by: B. Adams/J. Pellicer Liner Thickness = 60 mils
Date: 12/7/01 Liner density = 0.94 g/em®
Depth of leachate = 4cm
CONVERSIONS
pCilCi= 1.00E+12
om’/i = 1000
cm/mil = 2.54E-03
(dis/s)/Ci = 3.70E+10
sec/hr = 3600
g/kg = 1.00E+03
eV/Mev = 1.00E+06
JleV = 1.60E-19
rad= 0.01 Jkg
rad/Gy = 100
Hand C: for Calculating Dose for Ac225 .
1.14e-7pCi  x liter X Ci X 4cm3 =4.56e-22 Ci
liter 1000cm3 1e12pCi
4.56e-22 Ci x 3.7e10dis x 3600sec x 5.832MeV x 1e6eV =0.3542 eV
Cisec hour dis MeV hour
Liner Mass: 60mit x in X 254cm  x 094g x kg =1.432e-4 kg
1000 mil in cm3 1000 g
0.3542eV x 1.6e-19J x 1 x rad kg =3.95e-14 rad
hour eV 1.432¢-4 kg 001J hr
Disintegration Disintegrati Disintegrati
ICDF Average | ICDF Average | Energy from | Disintegration | Energy from Energy from Total
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Concentration | C i Radiation | Beta R: F F i Energy Radiation Dose
Constituent (pCilL) (Civem®) {Mevrdis)® (MeV/dis)® (MeV/dis)” (MeV/dis)” (MeV/dis)® (Rads/hr)
AC225 T14E-07 T14E22 5.794750712 0.016675725_|_0.021753375 | 5832179811 S95E-14
Ac227 4.54E-05 4.54E-20 0.067076762 0.009519 0.000269356 0.002766609 0.079631727 2.15E-13
Ac228 3.38E-10 3.38E-26 0.365039719 0.926920369 0.064207018 1.356167107 2.73E-17
Ag108 4.10E-08 4 10E-23 0.609441 0.017742571 0.000104798 0.627288369 1.53E-15
Ag108m .8BE+00 8.88E-15 1.619571716 0.014175304 1.63374702 8.63E-07
Ag109m 5.46E-11 5.46E-26 0.011251468 0.075708836 0.086960304 2.83E-19
Ag110 5.75E-10 5.74855E-25 1.181486222 0.030569692 1.49286E-05 1.212069842 4 15E-17
Ag110m 6.16E-08 6.15802E-23 0.065497652 | 2.740392268 | 0.002881351 2808781272 1.03E-14
Am241 7.01E+01 7.00857E-14 5.4776265 0.028100691 0.029402026 5.535129217 2.31E-05
Am242 .33E-04 1.33277E-19 0.159206 0.01777726 0.014518168 0.191501428 1.52E-12
Am242m 33E-04 1.32877E-19 0.02491305 0.004697851 0.036045937 0.065656838 5.19E-13
Am243 .82E-04 9.8225E-19 5.26454376 0.058325807 0.025265628 5.348125195 3.13E-10
Am246 4.06E-25 4.06494E-40 0.2600814 0.979943558 0.028091734 269116692 3.07E-32
At217 8.54E-04 8.53567E-19 7.066707158 7.065707158 59E-10
Bai37m 4.62E+05 4.61732E-10 0.597793455 | 0.063669106 | 0.661462561 82E-02
Be 10 4.57E-06 4.56737E-21 0.2025 0.2025 5.50E-14
Bi210 1.09E-05 .09161E-20 0.389 0.389 2.53E-13
Bi211 1.83E-04 .82982E- 6.549152819 0.000476658 0.04746812 0.009283362 6.606380966 7.18 1
Bi212 5.563E-03 5.52598E- 2.173446631 0.459769426 0.18412696 0.008766847 2.826109865 3.29E-10
Bi214 5.62E-05 5.61657E-20 0.631864371 1.509899923 0.011891859 2.153646154 7.20E-12
Bk249 5.39E-22 5.39325E-37 0.03299967 0.03299967 06E-30
Bk250 94E-26 1.93749E-41 0.26636366 0.886746664 0.02698613 1.180096454 36E-33
Cc 14 9.11E-03 9.1119E-18 0.04947 0.04947 68E-11
Cd109 11E-10 8.11386E-25 0.014810897 0.004730612 0.019641609 48E-19
Cd113m 2.67E+02 - 2.67401E-13 0.185357358 ) 0.185357358 95E-06
Cdii5m 7.02E-52 7.01999E-67 0.606227346 0.021898515 0.62812586 2.62E-59
Cel41 3.61E-71 3.60929E-86 0.1446745 0.076850362 | 0.025152933 0.246677795 5.30E-7
Cel44 3.61E-03 3.61187E-1 0.0832751 0.019274755 | 0.009263998 0.111813852 2.40E-1
Cf249 8.09E-16 8.08594E-3 5.832326913 0.331949482 | 0.037464682 | 6.201740977 2.98E-22
Ci250 4.13E-16 4.13182E-3 6.019605686 0.001194765 | 0.004455842 | 6025256294 .48E-22
Cf251 1.87E-18 1.86599E-33 5.6630136 0.121953755 | 0.159025305 5.94399266 6.60E-25
1262 4.40E-20 4.39839E-35 0.006078129 0.004222783 0.010300812 2.70E-29
Ccm241 3.24E-81 3.24048E-96 0.0592 0.112 0.1712 3.30E-89
Cm242 1.35E-17 1.34831E-32 6.104058752 0.00886198 0.007548684 6.120469416 491E-24




Disintegration Disintegration | Disintegration
ICDF Average | ICDF Average | Energy from | Disintegration | Energy from Energy from Total
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Concentration | Cor ion |  Radi Beta Radiati Radiati R i Energy Radiation Dose
Constituent (pCint) (Ciem®) (MeV/dis)® (MeV/dis)* (MeV/dis)* (MeVv/dis)" (MeV/dis)” (Rads/hr)
Cm248 4.88339E-32 4652098978 0.001053916 0.004771581 4.657924475 .35E-23
Cm260 1.3823E-40 1.2975 0.00126 1.29876 .07E-32
Co-57 3.67011E-16 0.125116492 0.018266873 0.143383365 3.13E-09
Co-58 5.84275E-30 0.97577339 0.003554852 | 0.979328243 3.40E-22
Co-60 1.92228E-11 0.09579 2.505813093 2601603093 2.98E-03
Cr-51 7.66E-563 7.66009E-68 0.032581687 | 0.003609603 | 0.036191289 65E-61
Cs-134 2.24E+0 2.24236E-14 0.156843574 1.555088123 | 0.005168308 1.717100005 2.29E-06
Cs135 7.16E-02 7.16176E-17 0.0563 0.0563 40E-10
Cs137 4.89E+04 4.88614E-11 0.1707536 0.1707536 4.96E-04
Eul50 5.09E-08 5.08758E-23 0.282 0.292 .B4E-16
Eul52 2.85E+03 .84526E-12 0.083686791 1.152309414 | 0.040284747 1.276280952 . 16E-04
Eu154 2.41E+03 .41378E-12 0.225199121 1.263240971 0.04847077 1.5626910861 . 19E-04
=u166 5.19E+02 5.18807E-13 0.04544052 0.060584231 0.016346264 0.122371015 3.78E-06
Fe-59 2.05E-34 2.0497E-49 0.117452592 1.188458138 1.30591073 1.59E-41
Fr221 .02E-07 1.02416E-22 6.35419518 0.030818345 | 0.009345796 | 6.394459322 3.90E-14
Fr223 5.65E-07 5.64646E-2 . 0.341682282 | 0.054245778 | 0.038798691 0.434726751 1.46E-14
Gdis52 13E-13 1.13275E-28 21496 § | 2.1496 1.45E-20
Gd153 .38E-11 8.38004E-26 0.110492119 | 0.041857881 0.15235 7.60E-19
H3 8.26041E-10 0.005685 0.005685 2.79E-04
Hi-181 1.73311E-51 0.118616 0.544135316 0.075669588 0.738420804 7.62E-44
Ho166m 1.07982E-20 0.040363706 1.59696433 0.103964407 1.741292443 A2E-12
1129 2.16334E-1 0.0409 0.024638767 0.013400713 0.078939479 .02E-04
In114 4.83478E-69 0.771693317 0.031986443 4.73967E-05 0.803627157 2.31E-6
in114m 5.06252E-69 0.097219841 0.142167093 | 0.239386934 7.21E-62
In115 .48146E-26 0.152 0.162 1.34E-1
K-40 .27291E-13 0.454278782 | 0.155895094 0.00019193 0.610365806 4.62E-06
La140 2.21E-105 2.2065E-120 0.627461627 2.316273704 0.005168104 2.848903435 3.74E-112
Mn-54 3.86E-07 3.85666E-22 0.83600515 0.003819757 | 0.839824907 1.93E-14
Nbg2 6.34E-18 6.34129E-33 1.503376922 | 0.006587855 1.509964777 5.70E-25
Nb9I3m .35E-01 1.34956E-16 0.001949851 0.02830264 0.030252491 2.43E-10
Nbg4 8.83E-05 8.82572E-20 0.1458 1573752035 | 0.001108272 1.720660307 9.04E-12
Nbg5 4.80E-32 4.79764E-47 0.04343358 0.764449657 | 0.000960441 0.808843679 2.31E-39
NbS5m .B4E-34 1.83993E-49 0.024094426 0.066289718 0.1656400746 0.24679489 2.70E-42
d144 .36E-09 1.3614E-24 19 1.9 1.54E-16
p235 .43E-09 8.43464E- 0.006849299 0.00295462 0.009803919 4.92E-18
p236 8.60E-06 8.60333E- 0.007895 0.144249657 | 0.188308934 | 0.341053651 1.75E-13
p237 7.98E+0 7. 4.759362826 0.032973835 | 0.062385374 | 4.854722034 2.30E-05
p238 2.70E-05 2 0.224714208 0.554083268 0.029658953 0.808456429 1.3CE-12
239 - | - -4.14E-02 4. 0.115125998 | - 0:172110902 ] 0.128163122 | 0.415400022 1.02E-09
p240 3.46E-12 3. 0.241 1.16312137 0.190279619 1.594400989 3.29E-19
Np240m 3.15E-09 3 0.590015065 0.333687187 | 0.025194589 | 0.948896841 1.78E-16
Pa231 1.27E-04 5.380806428 0.037179164 | 0.035516603 | 5.453502195 4.12E-
Pa233 7.92E-02 7.91815 0.0585556 0217583236 | 0.133362528 | 0.409501364 1.93E-09
Pa234 4. 98E-06 4. 0.22297083 1.966021292 0.2744944 2.463486522 7.31E-13
Pa234m 3.11E-03 3 0.820374363 0.011413333 0.003045741 0.834833438 1.55E-10
Pb209 4.85E-07 4. 0.1976 . 0.1976 5.70E-16
Pb210 0.00651402 0.004510364 | 0.027874272 | 0.038898656 2.53E-14
Pb211 .82992E- 0.452909635 0.050904428 | 0.001625278 | 0.50543934 5.50E-12
Pb212 5.52598E- 0.09961888 0.14811816 0.073508769 | 0.32124580¢ .06E-10
Pb214 5.61657E-20 0.2195445 0.249218235 | 0.069709256 | 0.53847199 .80E-12
Pd107 11124E-16 0.033101 0.033101 219E-10
Pm146 2.42035E-17 0.0885829 0.753108251 0.008140193 | 0.850831344 .23E-09
Pmi47 .58971E: 0.061957827 3.51654E-06 0.061961344 5.86E-06
Pm148 6551 0.72568641 0.574309603 | 0.000924896 1.30092091 1.28E-65
Pmi48m 3.43E-57 3.42833E-72 0.1454396 1.991307208 0.01856489 2.15530169¢8 4.40E-64
Po210 6.77E-06 6.7654E-21 5.304496719 8.8341E-06 5.30450555 2.14E-12
Po211 4.56E-09 4.5606E-24 7.442553252 0.007761102 7.450314354 2.02E-15
Po212 . 19E-03 2.18667E-18 8.7849 .7849 .14E-09
P0o213 ~2.89E-07 - | 2.89342E-22 8.3769694 -] _0.000030381 8.376399781 44E-13
Po214 .75E-05 .74513E-20 | 7.686985013 8.29182E-05 7.687067933 J1E-
Po215 22E-04 .22019E- 7.386157912 0.000149158 7.38630707 5.36E-
Po216 .68E-03 ,68473E- 6.77847216 1.44882E-05 6.778486648 49E-09
Po218 3.75E-05 .74513E-20 | 6.001296466 6.001296466 34E-11
Pri44 7.38E-03 7.38075€E-18 1.207181838 | 0.031914881 0.044821056 284017776 5.64E-10
Pri44m 1.06E-04 1.05 0.01184728 0.01184728 7.44E-14
Pu236 3.95E-05 3.94 5.759246369 0.001823624 | 0.010642416 | 5771712409 1.36E-11
Pu237 8.64E-58 8.63 0.053631643 0.00860943 0.062241073 3.20E-66




Disintegration Disintegration | Disintegration
ICDF Average | ICOF Average | Energy from | Disintegration | Energy from Energy from Total
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Cc i c fon | F 1 | Beta Radiati Radiati Radiation Energy Radiation Dose
Constituent (pCi/L) (Cllem®) (MeV/dis)" (MeV/dis)” (MeV/dis)" (MeV/dis)" (MeV/dis)® (Rads/hr)
Pu238 1.67E+0: 1.66644E-12 5487135213 0.001600358 | 0.008259555 | 5.496995126 5.465E-04
Pu239 4.76E+0 4.75673E-14 5.147993305 0.000654063_ | 0.004879563 5.153526936 1.46E-05
Pu240 .07E+0 1.07109E-14 515442817 0.001526154 | 0.008332035 | 5.164286359 3.29E-06
Pu241 4 56E+02 4.56263E-13 0.005229895 0.005229895 1.42E-07
Pu242 1.72E-03 1.71827E-18 4.914950908 0.001267029 | 0.006838836 | 4.923056772 5.03E-10
Pu243 4.56E-156 4.56263E-30 0.160416257 | 0.024856596 | 0.003931485 0.195204338 5.30E-23
Pu244 1.82E-10 .81534E-26 459129767 0.001091163 0.00576354 4598152374
Pu246 9.87E-25 .86952E-40 0.054192 0.100325541 0.154517541
Ra222 1.17E-115 .1686E-130 6.543645859 0.009191111 0.000710852 6.563547823
Ra223 2.02E-04 2.02468E- 19 5.693111445 0.135359242 0.070979646 5.899450334
Ra224 5.53E-03 5.52598E-18 5.674903074 0.010016186 0.002181394 5.687100654
Ra225 12E-07 5.11833E-22 0.09364 0.014401901 0.011183962 0.119225863
Ra226 4.73E+00 4.73487E-15 | 4.779486739 0.006748 0.003450946 | 4789685685
Ra228 52E-09 52191E-24 0.0099 6.67E-09 0.001668 0.011568007
Rb87 2.02E-04 .02493E-18 0.0788 0.0788
Rh102 5.71E-04 5.71027E-19 0.0798 0.0798
Rh103m 5.43E-67 5.42777E-72 S ) 0.001719179 0.03714169 0.038860869
Rh106 2.18E-01 2.18418E-16 1.412048767 0.207318974 1.61936774
An218 2.10E-112 2.0999E-127 7.13224054 0.000755544 7.132996084
An219 3.38E-01 3.3765E-16 6.768687931 0.057349406 0.006215139 6.832252476
Rn220 9.22E+00 9.2156E-15 6.287774939 0.000522244 6.288297183 3.45E-06
Rn222 1.03E-01 1.03486E-16 5.48922225 0.00038912 5.48961137 8
Ru103 3.65E-28 3.64513E-43 0.06754106 0.483836014 0.00219364 0.553570714 . 5
Ru106 2.21E-01 2.20509E-16 0.039401 0.039401 5. 1]
Sbi124 4.14E-39 4.14237E-54 0.377755372 1.868890831 0.002369455 2.249015659 5. 6
Sb125 1.85E+02 1.85236E-13 0.08644006 0.432562126 0.011201711 0.530203897 5. -06
Sbi126 4.12E-01 4.11874E-16 0.2904498 2.753144672 0.008852224 3.052446696 7. -08
Sb126m 2.94E+00 2.94195E-15 0.5821 1.572598561 0.010281928 2.164980488 -07
Sc-46 9.18E-20 9.1778E-35 0112016432 [ 2.009462055 2.121478487 -26
Se79 4.08E+01 4.08468E-14 0.0522 0.0522 7
Sm146 77E-03 1.77335E-24 2,53 2.53 2. 6
Sm147 .71E-05 1.7098E-20 2.2476 2.2476 2. 2
Smi48 4.20E-12 4.20258E-27 1.99 1.99 4 9
Sm149 2.13E-11 2.13338E-26 0 ") 0 +00
Sm151 1.41E+03 A40601E-12 0.019629664 1.26002E-05 0.000142779 | 0.019785044 06
Sn119m 14E-06 14041E-21 0.011398832 0.075702053 0.087100885
Sni2im 2.07E-01 2.06532E-16 0.00304 0.00304
Sn123 6.47E-16 6.4725E-31 0.520527904 | 0.006892023 0.527419926
Sn126 1.13E+00 - | 1.1334E-15 , 0.2501 - 0.056584693 | 0.051902929 | 0.358587622 .
Sr8g 4.96E-42 4.96364E-57 0.58294069 0.000136365 0.583077055
Sr90 1.90E+06 1.8965E-09 0.546 0.546
Tb160 .32E-33 1.32325E-4 0.225914897 1.081655763 0.046293923 1.352864583
Tc98 6.80E-04 6.79832E-19 0.118 1.394806477 | 0.002533816 1.515340293
Tc 99 2.21E+04 2.21364E-1 0.0846! 2 5.3616E-07 0.084600538
Tel123 3.62E-14 3.61635E-29 0.013085863 0.003979538 0.017065401
Tei23m 2.36E-22 2.35653E-37 0.147968536 0.097813431 0.245781966
Tel25m B1E+01 .81262E-14 0.035029212 0.1243697 0.159398912
Tel27 7.48E-19 7.48362E-34 0.222944359 | 0.004837938 0.227782297
Tel27m 7.60E-19 7.59597E-34 0.004605048 0.01122391 0.074989512 0.090818471
Tel29 5.40E-70 5.39691E-85 0.524547312 0.057653871 0.021254015 0.603455198
Te129m 8.57E-70 .56757E-85 0211896011 0.039439344 0.057284 - | 0.308619356
Th226 2.18E-116 2.1787E-131 6.30769684 0.00851670 0.019601821 6.335815362
Th227 1.82E-04 .B1633E-19 .9022354¢ 0.109621208 0.038621827 | 6.05047849
- Th2eg 3.29€-01 3.2872E-16 .3993001 0.00307411 0.019010262 | 5.42138452:
Th229 5.12E-07 5.11833E-22 4.862233245 0.094769364 0.099685142 5.05668775.
Th230 73l .73379E- 4.67678788 0.001405096 0.012883269 4.691076245
Th231 .60797E- 0.080038999 | 0.023548831 0.074878474 0.178466304
Th232 S55721E- 4.00455 0.001196619 0.010883174 4.01662979
Th234 - g 71215E- : = 0.0433679 0.009067919 -1 0.014136614 | . 0.06657243
1207 .83E-04 .82539E- 0.4932555 0.002169023 0.495424523
TI208 .98E-03 .97939¢- 0554863585 | 3.369590402 0.034133866 | 3.958587853
Ti209 1.05E-08 .05084E-23 1.8248 2.117940734 0.028724369 | 3971465102
Tm170 ,66E-25 2.65672E-40 0.315252 0.005426825 0.014066319 0.334745144
Tmi174 .64E-1 6.64218E-27 0.0248128 0.000683304 0.000721114 0.026217219
U232 .83E-0z 8.8251E-17 5.306496425 0.001781837 0.014381205 | 6.322659468
U233 4.23E-03 4.22658E-18 4.813433579 0.000718117 | 0.003004358 | 4.817156054
U234 9.95E+02 9.94693E-13 | 4.763028496 0.001476859 | 0.011293806 | 4.775799161




Disintegration Disintegration | Disintegration
ICDF Average | ICDF Average | Energy from | Disintegration | Energy from | Energy from Total
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Concentration | C Radiation  { Beta Radiation| R Radiati Energy Radlation Dose
Constituent (pCL) Ci/em®) (MeVrdis)° {MeV/dis)* (MeV/dis)" (MeV/dis)" (MeV/dis)” (Rads/hr)
U235 1.82E+01 1.81903E-14 4.378449 0.153592927 | 0.04199551 4.574037438 4.95E-06
U236 3.33559E-14 4.4925232 0.001373011 0.00956405 4.503460262 .94E-06
U238 3.22148E-13 4.1940197 0.001212454 0.00850438 4.203736541 .0BE-05
U240 4.18818E-24 0.125 0.006717716 0.028465325 0.160183041 3.99E-17
Xe127 2.63427E-83 0.278982226 0.030144757 | 0.309126983 4.85E-76
Xe131m 4.4853E-123 0.02009925 0.142249615 | 0.162348865 4.33E-116
Y90 1.34525E-10 0.93471862 0.035127416_| 0.969846036 7.76E-03
Y91 2.43696E-51 0.6022883 0.0036147 0.605903 8.79E-44
Zn6s 1.67979E-22 0.583769699 | 0.004560562 | 0.588330261 5.88E-15
Zr93 1.4275E-15 0.0195 0.0195 1.66E-09
Zr95 4.87E-25 4.87454E-40 0.116123 0.73494917 0.85107217 2.47E-32
Total Absorbed Dose Rate in Rads/Hour 9.30E-02
Total Absorbed Dose For 15 year Operational Life in Rads 1.22E+04

a. Disintigréu’on energy based on the total energy reporied in the following sources: . )
Computer software: Radiation Decay Version 3.5 developed by Professor Charles Hacker, Griffith Univeristy, Gold Coast, ustraila
Handbook of Health Physics and Radiological Heatth, 3rd Edition, edited by Bernard Shleien, Lester A. Slaback Jr., and Brian Kent Birky,

Baltimore, Maryland, 1998

Nationat Nuclear Data Center web site, Decay in the MIRD format, www:nndc.bnl.gov/nnbcAormmird. htmi

b. Total disintigration energy is the sum of alpha, beta, gamma, and electron energies.
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Geomembrane Dose in the Evaporation Pond
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MONTGOMERY WATSON HARZA

Description: Radiation dosage to ICDF evaporation ponds liner resulting from leachate exposure

Project #: 2470178
Prepared by: J. Thompson

Date: 10/6/01 VARIABLES
Checked by: B. Adams/J. Pallicer Liner Thickness = 60 mils
Date: 12-7-01 Liner density = 0.94 glcm®
Depth of leachate = 36 cm
CONVERSIONS
pCi/Ci= 1.00E+12
cm®l = 1000
cm/mil = 2.54E-03
(dis/s)/Ci = 3.70E+10
sec/hr = 3600
g/kg = 1.00E+03
eV/Mev = 1.00E+06
JieV = 1.60E-19
rad/Gy= 100
DISTIIeYTanoTT - DTSN TEY SO T DTSTTEgTaTTOTT
ICDF Average | ICDF Average | Energy from - | Disintegration | Energy from Energy from Total
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Col ! c Radiati Beta Radlation| Radiation Radiation Energy Radlation Dose
Constituent {(pCW/L) (Cem®) (MeV/dis)" (Mev/dis)" (MeV/dis)" (MeV/dis)" (MeV/dis)® (Rads/hr)
Ac225 1.1E-07] T.14E-22 5.794750712 0.016675726 0.021753375 5.832179811 3.55E-13
Ac227 4.5E-05 4.54E-20 0.067076762 0.009519 0.000269356 | 0.002766609 0.079631727 1.94E-12
Ac228 3.4E-10] 3.38E-25 0.365039719 0.926820369 0.064207018 1.356167107 2.46E-16
Ag108 4.1E-08! 4.10E-23 0.609441 0.017742571 0.000104798 0.627288369 1.38E-14
Ag108m 8.9E+00| 8.88E-15 1.619571716 | 0.014175304 1.63374702 7.77E-06
Ag109m 55E-11 5.46E-26 0.011261468 | 0.075708836 | 0.086960304 2.54E-18
Ag110 5.7E-10] 5.74855E-25 1.181485222 | 0.030569692 1.49286E-05 1.212069842 3.73E-16
Ag110m 6.2E-08] 6.15802E-23 0.065497652 | 2740392268 | 0.002891351 2.808781272 .26E:
Am241 7.0E+01] 7.00857E-14 5.4776265 0.028100691 0.028402026 5.535129217 .08E.
Am242 1.3E-04] 1.33277E-19 0.169206 0.01777726 0.014518168 0.191501428 .37E
Am242m 1.3E-04] 1.32877E-19 0.02481305 0.004697851 0.036045937 | 0.065656838 4.67E-12
Am243 9.8E-04] 9.8226E-19 5.26454376 0.058325807 | 0.025255628 5.348125195
Am246 4.1E-25] 4.06494E-40 0.2600814 0.979943558 0.029091734 1.269116692
At217 8.5E-04] 8.53567E-19 7.065707158 7.065707158
Bai37m 4.6E+05] 4.61732E-10 0.597793455 | 0.063669106 | 0.661462561
Be 10 4.6E-06] 4.56737E-21 0.2025 0.2025
Bi210 1.1E-05| 1.09161E-20 0.389 0.389
Bi2t1 1.8E-04] 1.82992E-19 6.549152819 0.000476658 | 0.047468126 | 0.009283362 | 6.606380966
Bi214 5.6E-05] 5.61657E-20 0.631854371 1.509899923 0.011891859 2.153646154
Bk249 5.4E-22} 6.39325E-37 0.03289967 0.03299967
Bk250 1.9E-26] 1.93749E-41 0.26636366 0.886746664 0.02698613 1.180096454
Cd10g 8.1E-10 .11386E-25 0.014910997 0.004730612 0.019641609
Cd113m 2.7E+02 .67401E-13 0.185357358 0.185357358
Cel4t 3.6E-7 .60929E-86 0.1446745 0.076850362 | 0.025152933 0.246677795
Cel44 3.6E-03] 3.61187E-18 0.0832751 0.019274756 | 0.009263998 0.111813852
Cf249 8.1E-16] 8.08594E-3 5.832326913 0.331949482 0.037464582 6.201740977
Cf250 4.1E-16] 4.13182E-3 6.019605686 0.001194765 0.004455842 | 6.025256294
Cf251 9E-18] 1.86599E-3 5.6630136 0.121953755 0.159025305 5.94399266
Cm241 .2E-81| 3.24048E-96 0.0592 0112 0.1712
Cm242 .3E-17] 1.34831E-32 . 104058752 0.00886198 0.007548684 6.120469416
Cm243 8.9E-07] 8.883E-2¢ 834234959 0.132613797 | 0.122747969 6.088596726
Cm244 4.5E-04] 4.50948E-19 .796499747 0.001480051 0.006438553 | 5.804428351
Cm245 2.0E-08] 2.00547E-23 .360616241 0.076920127 | 0.069851389 5.507387757
Cm246 4.5E-10] 4.47549E-25 5.37557179 0.001325463 | 0.006093795 5.382991049
Cm247 1.6E-16] 1.59758E-31 4.946722 0.317367237 0.014739412 5.278828648
Cm248 4.9E-17| 4.88339E-32 4.652098978 0.001053916 | 0.00477158 4.657924475
Co-57 3.7E-01 .67011E-16 0.125116492 0.018266873 | 0.143383365
Co-58 . 5.8E-15 .84275E-30 . 0.97677339 | _ 0.003554852 0.979328243
Co-60 1.9E+04 92228E-11 0.09579 2.505813093 2.601603093
Cr-51 7.7E-53 .66009E-68 0.032581687 | 0.003609603 | 0.036191289 .
Cs-134 2.2E+01] 2.24236E-14 0.166843574 1.655088123 | 0.005168308 1.717100005 2.
Cs135 7.2E-02| 7.16176E-17 0.0563 0.0563 2.
Cs137 4.9E404] 4.88614E-11 0.1707536 0.1707536 4.
Eu150 5.1E-08| 5.08758E-23 0.292 0.292 7.
Eu152 2.8E+03] 2.84526E-12 0.083686791 1.152309414 0.040284747 1.276280952
Eu154 2.4E+03] 2.41379E-12 0.225199121 1.253240971 0.04847077 1.52691086
Eu155 5.2E+02] 5.18807E-13 0.04544052 0.060584231 0.016346264 | 0.122371015
Fe-59 2.0E-34] 2.0497E-49 0.117452592 1.188458138 1.30591073 .
Fr221 1.0E-07] 1.02416E-22 6.35419518 0.030918345 0.009345796 | 6.394459322 3.
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DISTITeyrawor DTSTITEY Ao ]
ICDF Average | ICDF Average | Energy from | Disintegration | Energy from Energy from Total .
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Cc ation | Cor fon | Radiati Beta Radiati Radiation Radiati Energy Radiation Dose

Constituent (pClL) (Civem®) (MeV/dis)" (Mevrdis)" (MeVv/dis)* (MeV/dis)" (MeVrdis)® (Rads/hr)
In114m 5.1E-54] 5 .06252E-69 0.097219641_|_0.142167093_|_0.239386934 6.49€-61
In115 1.5E-11] 1.48146E-26 0.152 0.152 1.21E-18
K-40 1.36+402] 1.27291E-13 0.454278782 0.155895094 0.00019193 0.610365806 4.16E-05
La140 2.2E-105] 2.2065E-120 0.527461627 2.316273704 0.005168104 2.848903435 3.37E-111
Mn-54 3.9E-07} 3.85666E-22 0.83600515 0.003819757 0.839824907 1.73E-13
Nb32 6.3E-18] 6.34129E-33 1.503376922 0.006587855 1.509964777 5.13E-24
Nb93m 1.3E-01 E-16 0.00194985 0.02830264 0.030252491 2.19E-09
Nb94 8.8E-05) 0.1458 1.573752035 0.001108272 1.720660307 8.13E-11
Nb35m .8E-34] 1.83993E-49 0.024094426 0.066299718 0.156400746 0.24679489 L 43E-41
d144 JAE-09]  1.3614E-24 19 1.9 .39E-15
p236 8.6E-06] 8.60333E-21 0.007895 0.144249657 0.188908994 0.34105365 .57E-12
p239 4.1E-02| 4.14422E-17 0.115125998 0.172110902 0.128163122 0.415400022 3.22E-09
Np240m 3.1E-09] 3.14893E-24 0.5690015065 0.333687187 0.025194589 0.94889684 .60E-15
Pa231 1.3E-04 1.26888E-19 5.380806428 0.037179164 0.035516603 5.453502195 3.71E-10
Pa233 7.9E-02] 7.91815E-17 0.0585556 0.217583236 0.133362528 0.409501364 .74E-08
Pa234 5.0E-06] 4.98489E-21 0.22297083 1.966021292 0.2744944 2.463486522 6.58E-12
Pa234m 3.1E-03] - 3.11453E-18 0.820374363 0.011413333 0.003045741 0.834833438 .39E-09
Pb209 4.8E-07| 4.84656E-22 0.1976 ) 0.1976 5.13E-14
Pb210 1.1E-05| 1.09161E-20 0.00651402 0.004510364 0.027874272 0.038898656 2.27E-13
Pb212 5.5E-03] 5.52598E-18 0.09961888 0.14811816 0.073508769 0.321245808 9.51E-10
Pb214 5.6E-05{ 5.61657E-20 0.2195445 0.249218235 0.069709256 0.538471991 .62E-11
Pd107 1.1E-01 .11124E-16 0.033101 0.033101 .97E-09
Pm146 2.4E-02] 2.42035E-17 0.0895829 0.753108251 0.008140193 0.850831344 10E-08
Pm147 1.6E+03) .58971E-12 0.061957827 3.51654E-06 0.061961344 5.28E-05
Pm148 1.7E-58 3 0.72568641 0.574309603 0.000924896 1.30092081 1.15E-64
Pm148m 3.4E-57 2 0.1454396 1.991307208 0.01855489 2.155301698 3.96E-63
Po210 6.8E-06 5.304496719 8.8341E-06 5.304505553 92E-11
Po: 4.6E-09 7.442553252 0.007761102 7.450314354 .82E-14
Po212 2.2E-03 8.7849 8.7849 .03E-08
Po. 2.9 8.3769694 0.000030381 8.376999781 .30E-12
Po214 3. 7.686985013 8.20192E-05 7.687067933 .54E-10
Po215 1. 1.22019E-19 7.386157912 0.000149158 7.38630707 4.83E-10
Po216 3.68473E-18 6.77847216 1.44882E-05 6.778486648 1.34E-08
Po218 3.74513E-2 6.001296466 6.001296468 1.20E-10
Pri44 1.207181838 0.031914881 0.044921056 .| 1.284017776 5.08E-09
Pri44m 0.01184728 0.01184728 6.70E-13
Pu236 0 5.759246369 0.001823624 0.010642416 5.771712409 1.22E-10
Pu237 3 0.053631643 0.00860943 0.062241073 2.88E-65
Pu238 . 2 5.487135213 -0.001600358 |- 0.008259555 5.496995126 4.91E-03
Pu239 4.8E+01] 4.75673E-14 5.147993305 0.000654063 0.004879569 5.153526936 1.31E-04
Pu240 1.1E+01] 1.07109E-14 5.15442817 0.001526154 0.008332035 5.164286359 2.96E-05
Pu241 4.6E+02] 4.56263E-13 0.005229895 0.005229895 1.28E-06
Pu242 1.7E-03] 1.71827E-18 4.914950908 0.001267029 0.006838836 4.923056772 4.53E-09
Pu243 4.6E-15] 4.56263E-30 0.160416257 0.024856596 0.009931485 0.195204338 4.77E-22
Pu244 1.8E-10] 1.81534E-25 4.69129767 0.001091163 0.00676354 4.5698152374 4.47E-16
Pu246 9.9E-25| 9.86952E-40 0.054192 0.1003. 0.154517541 8.17E-32
Ra222 - 1.1686E-130 6.543645859 0.0091 1 0.000710852 6.553547823 4.10E-121
Ra224 5.52598E-18 5.674903074 0.010016186 0.002181394 5.687100654 .68E-08
Ra225 5.11833E-22 0.09364 0.014401901 0.011183962 0.119225863 L.27E-14
Ra226 4.7348 5 4.779486739 0.006748 0.003450946 4.789 21E-05
Ra228 5219 4 0.009! 6.67E-09 0.001668 0.011568007 9.43E-18
Rb87 2.0249; 9 0.078! 0.0788 8.55E-12
Rh102 5.71027E-19 0.0791 0.0798 2.44E-11
Rh103m 5.42777E-72 ) 0.001719179 0.03714169 0.038860869 13E-64
Rh106 2.18418E-16 1.412048767 0.207318974 1.61936774 .B9E-07
Rn 2.0999E-127 7.13224054 0.000755544 7.132996084 8.02E-118
Rn: 3.3765E-16 6.768687931 0.057349406 0.006215139 832252476 .24E-06
Rn220 9.2155E-15 6.287774939 0.000522244 .288297183 10E-05
Rn222 1.03486E-16 5.48922225 0.00038912 o 5.48961137 O4E-07
Rui03 3.64513E-43 0.06754106 0.483836014 0.00219364 0.563570714 .08E-34
Ru106 2.20509E-16 0.039401 0.039401 4.65E-09
Sb124 4.14237E-54 0.377755372 1.868890831 0.002369455 2.249015659 4.99E-45
Sb125 1.85236E-13 0.08644006 0.432562126 0.011201711 0.530203897 5.26E-05
Sh126 4.11874E-16 0.2904498 2.753144672 0.008852224 3.052446696 6.73E-07
Sc-46 9.1778E-35 0.112016432 2.009462055 2.121478487 1.04E-25
Se 79 4.08468E-14 0.0522 0.0522 1.14E-06
Sm146 1,77335E-24 2.53 2.53 2.40E-15
Sm147 1.7098E-20 2.2476 2.2476 2.06E-11
Sm148 4.20258E-27 1.99 1.99 4.48E-18
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m —DTSTITEYYavroT T OTSTegTaToT
ICDF Average | ICDF Average | Energy from | Disintegration | Energy from Energy from Total
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Concentration | C ation | Radiati Beta Radiati Radiati R 1 Energy Radiation Dose
Constituent {pCUL) Ciicm®) (Mev/dis)* (MeV/dis)* (MeV/dis)* (MeV/dis)" (MeV/dis)® (Rads/hr)
Smi51 T4E+03] 1.40601E-12 0.019629664 | 1.76002E-05_| 0.000142779 | 0.019785044 T49E.05
Sn119m 1.1E-06 .14041E-2 0.011398832 | 0.075702053 | 0.087100885 5.32E-14
Sni21m 2.1E-01] 2.06532E-1€ 0.00304 0.00304 3.36E-10
Sn123 6.5E-16] 6.4725E-31 0.520527904 | 0.006892023 0.527419926 1.83E-22
Sn126 1.1E+00] 1.1334E-15 0.2501 0.056584693 | 0.051902929 | 0.358587622 2.18E-07
Sr89 5.06-42] 4.96364E-57 0.58294069 0.000136365 0.583077055 1.55E-48
5r90 1.9E+06] 1.8965E-09 0.546 0.546 5.55E-01
Tb160 1.3E-33] 1.32325E-48 0.225914897 | 1.0816565763 | 0.045293923 ! 1.352864583 9.59E-40
Tc 98 6.8E-04] 6.79832E-18 0.118 1.394806477 | 0.002533816 | 1.515340293 5.52E-10
Tc 99 2.2E+04] 2.21364E- 0.084600002 5.3616E-07 0.084600538 1.00E-03
Te123 3.6E-14] 3.61635E-29 0.013085863 0.003979538 | 0.017065401 3.31E-22
Te123m 2.4E-22 5653E-37 0.147968531 0.097813431 0.245781966 3.10E-29
Tel126m 1.8E+0 .81252E-14 0.03502921 0.1243697 0.169398912 1.55E-06
Te127m 7.6E-1 .59597E-34 0.00460504 0.01122391 0.074989512 { 0.090818471 3.69E-26
Tel29 5.4E-70] 5.39691E-85 0.524547312 0.067653871 0.021254015 0.603455198 1.74E-76
Te129m 8.6E-70] 8.56757E-85 0.21189601 0.039439344 0.057284 0.308619356 1.42E-76
Th226 2.2E-116] 2.1787E-131 6.30769684 : 0.008516701 | --0.019601821 6.335815362 ©__7.39E-122
Th227 1.8E-04] 1.81633E-19 5.90223546 0.109621209 | 0.038621827 050478496 5.89E-10
Th228 3.3E-01] 3.2872E-16 5.39930015 0.003074111 0.019010262 421384523 9.54E-07
Th229 51E-07] 5.11833E-22 | 4.862233245 0.094769364 | 0.099685142 5.056687752 1.39E-1
Th230 1.7E+00 .73379E-15 4.67678788 0.001405096 0.012883269 4.691076245 4.36E-0
Th231 1.6E+00] .B60797E-15 0.080038999 0.02354883 0.074878474 0.178466304 1.54E-0
Th232 1.6E+00 55721E-15 4.00455 0.0011966 0.010883174 4.016629793 3.35E-06
Th234 1.7E-02] 1.71215E-17 0.0433679 0.0090679 0.014136614 | 0.066572433 6.10E-10
TI207 1.8E-04] 1.82539E-19 0.4932555 0.002169023 0.495424523 4.84E-11
T1208 2.0E-03] 1.97939E-18 0.554863585 .369590402 | 0.034133866 | 3.958587853 4.20
T1209 1.1E-08 .05084E-23 1.8248 2117940734 0.028724369 3.971465102 2.24E.
Tm170 2.7E-26] 2.65672E-40 0.315252 0.005426825 0.014066319 0.334745144 4.76
Tm171 6.6E-12] 6.64218E-27 0.0248128 0.000683304 | 0.000721114 | 0.026217219 9.33
U232 8.8E-02) 8.8251E-17 5.306496425 0.001781837 0.014381205 5.322659468 2.52
U233 4.2E-03] 4.22558E-18 4.813433579 0.000718117 0.003004358 4.817156054 .09l
U234 9.9E+02] 9.94693E-13 | 4.763028496 0.001476859 | 0.011293806 | 4.775799161 2.54E.
U235 1.8E+01 .81903E-14 4.378449 0.153592927 0.041995511 4.674037438 4.46E:
U236 3.3E+01] 3.336559E-14 4.4925232 0.001373011 0.009564051 4.503460262 8.05E:
U238 3.2E+02] 3.22148E-13 4.1840197 0.001212454 0.008504387 4.20373654 7.25E:
U240 4.2E-09] 4.18818E-24 0.125 0.006717716 0.028465325 0.16018304 3.59E:
Xel27 2.6E-68| 2.63427E-83 0.278982226 0.030144757 0.309126983 4.36E-75
Xe131m 4.5E-108] 4.4853E-123 0.02009925 0.142249615_ | 0.162348865 3.90E-115
Y90 1.3E+05] 1.34525E-10 0.93471862 - - 0.035127416 0.969846036 6.99E-02
Zn65 1.7E-07] 1.67979E-22 0.583769699 { 0.004560562 | 0.588330261 5.29E-14
Zr33 1.4E+00] 1.4275E-15 0.0195 0.0195 1.49E-08
Zr95 4.9E-25] 4.87454E-40 0.116123 0.73494917 0.85107217 2.22E-31
Total Absorbed Dose Rate in Rads/Hour B.36E.01 |
Total Absorbed Dose For 15 year 3perational Life in Rads 1.10E+05

References:

a. Disintigration energy based on the total energy reported in the following sources:
Computer software: Radiation Decay Version 3.5 developed by Professor Charles Hacker, Griffith Univeristy, Gold Coast, ustraila
Handbook of Health Physics and Radiological Health, 3rd Edition, edited by Bemard Shieien, Lester A. Slaback Jr., and Brian Kent Birky,
Baitimore, Maryland, 1998
National Nuclear Data Center web site, Decay in the MIRD format, www:nndc.bnl.gov/nnbe/formmird.htmi

b. Total disintigration energy is the sum of alpha, beta, gamma, and electron energies.
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Appendix B-3

Maximum Allowable Geomembrane Dose
Calculation for the Landfill
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MONTGOMERY WATSON HARZA
Description: Back calculation of maximum allowable concentration for each distinct Parameter.

for the landfill liner

Project #: 2470178
Prepared by: B.G. Adams

Date: 12/5/01

VARIABLES

Liner Thickness = 60 mils
Checked by: J. Pellicer Liner density = 0.94 g/cm3
Date: 12/7/01 Depth of leachate = 4 cm
CONVERSIONS
pCi/Ci= 1.00E+12
15 yr Dose = 1.0E+06 cm*/l = 1000
Daily Dose = 1.8E+02 cm/mil = 2.54E-03
Dose Rad/hr = 7.6E+00 (dis/s)/Ci = 3.70E+10
sec/hr = 3600
g/kg = 1.00E+03
eV/Mev = 1.00E+06
JieV = 1.60E-19
rad/Gy = 100
ICDF Maximum ICDF Maximum
Allowable Activity | Allowable Activity | Disintegration ICDF Liner
Concentration Concentration Energy Absorbed Dose
Constituent (pCi/lL) (Cilem®) (MeV/dis) (Rads/hr)
Ac225 2 2E+07 2.19282E-08 5.832179811 7.61E+00
Ac227 1.6E+09 1.60601E-06 0.079631727 7.61E+00
Ac228 9.4E4+07 9.43018E-08 1.356167107 7.61E+00
Agi08 2.0E+08 2.03876E-07 0.627288369 7.61E+00
Ag108m 7.8E+07 7.82796E-08 1.63374702 7.61E+00
Ag109m 1.5E+09 1.47066E-06 0.086960304 7.61E+00
Ag110 1.1E+08 1.05513E-07 1.212069842 7.61E+00
Ag110m 4.6E+07 4.55319E-08 2.808781272 7.61E+00
Am241 2.3E+07 2.3105E-08 5.535129217 7.61E+00
Am242 6.7E+08 6.67823E-07 0.191501428 7.61E+00
Am242m 1.9E+09 1.94784E-06 0.065656838 7.61E+00
Am243 2.4E+07 2.39129E-08 5.348125195 7.61E+00
Am246 1.0E+08 1.0077E-07 1.269116692 7.61E+00
At217 1.8E+07 1.81E-08 7.065707158 7.61E+00
Bai37m 1.9E+408 1.93343E-07 0.661462561 7.61E+00
Be 10 6.3E+08 6.31551E-07 - 0.2025 . ~7.61E+00
Bi210 3.3E+08 3.28764E-07 0.389 7.61E+00
Bi211 1.9E+07 1.93584E-08 6.606380966 7.61E+00
Bi214 5.9E+07 5.93826E-08 2.153646154 7.61E+00
Bk249 3.9E+09 3.87546E-06 0.03299967 7.61E+00
Bk250 1.1E+08 1.08372E-07 1.180096454 7.61E+00
Cd109 6.5E+09 6.51113E-06 0.019641609 7.61E+00
Cd113m 6.9E+08 6.89959E-07 0.185357358 7.61E+00
Celdt 5.2E+08 5.18446E-07 0.246677795 7.61E+00
Cel44 1.1E+09 1.14377E-06 0.111813852 7.61E+00
Cf249 2.1E+07 2.06215E-08 6.201740977 7.61E+00




ICDF Maximum ICDF Maximum
Allowable Activity | Allowable Activity | Disintegration ICDF Liner
Concentration Concentration Energy Absorbed Dose
Constituent (pCi/L) (Cilem®) (MeV/dis) (Rads/hr)
Cf250 2.1E+07 2.12255E-08 6.025256294 7.61E+00
Ci251 2.2E+07 2.15157E-08 5.94399266 7.61E+00
Cm241 7.5E+08 7.47015E-07 0.1712 7.61E+00
Cm242 2.1E+07 2.08953E-08 6.120469416 7.61E+00
Cm243 2.1E+07 2.10012E-08 6.089596726 7.61E+00
Cm244 2.2E+07 2.2033E-08 5.804428351 7.61E+00
Cm245 2.3E+07 2.32214E-08 5.507387757 7.61E+00
Cm246 2.4E+07 2.3758E-08 5.382991049 7.61E+00
Cm247 2.4E+07 2.42268E-08 5.278828648 7.61E+00
Cm248 2.7E+07 2.74562E-08 4.657924475 7.61E+00
Co-57 8.9E+08 8.91938E-07 0.143383365 7.61E+00
Co-58 1.3E+08 1.30589E-07 0.979328243 7.61E+00
Co-60 4.9E+07 4.91578E-08 2.601603093 7.61E+00
Cr-51 3.5E+09 3.5337E-06 0.036191289 7.61E+00
Cs-134 7. 4E+07 7.44797E-08 1.717100005 7.61E+00
Cs135 2.3E+09 2.27156E-06 0.0563 7.61E+00
Cs137 7.5E+08 7.48968E-07 0.1707536 7.61E+00
Eu150 4.4E+08 4.37976E-07 0.292 7.61E+00
Eu152 1.0E+08 1.00204E-07 1.276280952 7.61E+00
Eui154 8.4E+07 8.37567E-08 1.526910861 7.61E+00
Eu155 1.0E+09 1.04509E-06 0.122371015 7.61E+00
Fe-59 9.8E+07 9.79309E-08 1.30591073 7.61E+00
Fr221 2.0E+07 2E-08 6.394459322 '7.61E+00
Fr223 2.9E+08 2.94183E-07 0.434726751 7.61E+00
Gd153 8.4E+08 8.39442E-07 0.15235 7.61E+00
H 3 2.2E+10 2.24959E-05 0.005685 7.61E+00
Ho166m 7.3E+07 7.34449E-08 1.741292443 7.61E+00
In114 1.6E+08 1.5914E-07 0.803627157 7.61E+00
In114m 5.3E+08 5.34236E-07 0.239386934 7.61E+00
In115 8.4E+08 8.41375E-07 0.152 7.61E+00
K-40 2.1E+08 2.09528E-07 0.610365806 7.61E+00
La140 4.5E+07 4.48906E-08 2.848903435 7.61E+00
Mn-54 1.5E+08 1.52281E-07 0.839824907 7.61E+00
Nbg2 8.5E+07 8.46967E-08 1.509964777 7.61E+00
Nb93m - 4.2E+09 ~4,22739E-06 0.030252491 7.61E+00
Nbg4 7.4E+07 7.43255E-08 1.720660307 7.61E+00
Nb95m 5.2E+08 5.182E-07 0.24679489 7.61E+00
Nd144 6.7E+07 6.731E-08 1.9 7.61E+00
Np236 3.7E+08 3.74982E-07 0.341053651 7.61E+00
Np239 3.1E+08 3.0787E-07 0.415400022 7.61E+00
Np240m 1.3E+08 1.34777E-07 0.948896841 7.61E+00
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ICDF Maximum ICDF Maximum
Allowable Activity | Allowable Activity | Disintegration ICDF Liner
Concentration Concentration Energy Absorbed Dose
Constituent (pCi/L) (Cilem®) (MeV/dis) (Rads/hr)
Pa231 2.3E+07 2.34508E-08 5.453502195 7.61E+00
Pa233 3.1E+08 3.12304E-07 0.409501364 7.61E+00
Pa234 5.2E+07 5.19138E-08 2.463486522 7.61E+00
Pa234m 1.5E+08 1.53191E-07 0.834833438 7.61E+00
Pb209 6.5E+08 6.47212E-07 0.1976 7.61E+00
Pb210 3.3E+09 3.28775E-06 0.038898656 7.61E+00
Pb212 4.0E+08 3.98103E-07 0.321245808 7.61E+00
Pb214 2.4E+08 2.37504E-07 0.538471991 7.61E+00
Pd107 3.9E+09 .. 3.8636E-06 - 0.033101 7.61E+00
Pm146 1.5E+08 1.50311E-07 0.850831344 7.61E+00
Pm147 2.1E+09 2.06401E-06 0.061961344 7.61E+00
Pm148 9.8E+07 9.83065E-08 1.30092091 7.61E+00
Pm148m 5.9E+07 5.93369E-08 2.155301698 7.61E+00
Po210 2.4E+07 2.41095E-08 5.304505553 7.61E+00
Po211 1.7E+07 1.71656E-08 7.450314354 7.61E+00
Po212 1.5E+07 1.45578E-08 8.7849 7.61E+00
Po213 1.5E+07 1.52667E-08 8.376999781 7.61E+00
Po214 1.7E+07 1.66369E-08 7.687067933 7.61E+00
Po215 1.7E+07 1.73143E-08 7.38630707 7.61E+00
Po216 1.9E+07 1.88669E-08 6.778486648 7.61E+00
Po218 2.1E+07 2.13102E-08 6.001296466 7.61E+00
Pri144 1.0E+08 9.96007E-08 1.284017776 7.61E+00
Pr144m 1.1E+10 1.07948E-05 0.01184728 7.61E+00
Pu236 2.2E+07 2.21579E-08 5.771712409 7.61E+00
Pu237 2.1E+09 2.05474E-06 0.062241073 7.61E+00
Pu238 2.3E+07 2.32653E-08 5.496995126 7.61E+00
Pu239 2.5E+07 2.48158E-08 5.153526936 7.61E+00
Pu240 2.5E+07 2.47641E-08 5.164286359 7.61E+00
Pu241 2.4E+10 2.44535E-05 0.005229895 7.61E+00
Pu242 2.6E+07 2.59776E-08 4.923056772 7.61E+00
Pu243 6.6E+08 6.55155E-07 0.195204338 7.61E+00
Pu244 2.8E+07 2.78131E-08 4.598152374 7.61E+00
Pu246 8.3E+08 8.27667E-07 0.154517541 7.61E+00
Ra222 2.0E+07 1.95145E-08 6.553547823 7.61E+00
- Ra224 2.2E+07 - 2.24876E-08 5.687100654 7.61E+00
Ra225 1.1E+09 1.07266E-06 0.119225863 7.61E+00
Ra226 2.7E+07 2.67009E-08 4.789685685 7.61E+00
Ra228 1.1E+10 1.10554E-05 0.011568007 7.61E+00
Rb87 1.6E+09 1.62296E-06 0.0788 7.61E+00
Rh102 1.6E+09 1.60262E-06 0.0798 7.61E+00
Rh103m 3.3E+09 3.29095E-06 0.038860869 7.61E+00
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ICDF Maximum ICDF Maximum
Allowable Activity | Allowable Activity | Disintegration ICDF Liner
Concentration Concentration Energy Absorbed Dose
Constituent (pCi/L) (Cilcm3) (MeV/dis) (Rads/hr)
Rh106 7.9E+07 7.89747E-08 1.61936774 7.61E+00
Rn218 1.8E+07 1.79292E-08 7.132996084 7.61E+00
Rn219 1.9E+07 1.87184E-08 6.832252476 7.61E+00
Rn220 2.0E+07 2.03376E-08 6.288297183 7.61E+00
Rn222 2.3E+07 2.32966E-08 5.48961137 7.61E+00
Ru103 2.3E+08 2.31026E-07 0.553570714 7.61E+00
Ru106 3.2E+09 3.24583E-06 0.039401 7.61E+00
Sb124 5.7E+07 5.68644E-08 2.249015659 7.61E+00
Sb125 2.4E+08 . 2.41207E-07 0.530203897 7.61E+00
Sb126 4.2E+07 4.18972E-08 3.052446696 7.61E+00
Sc-46 6.0E+07 6.0283E-08 2.121478487 7.61E+00
Se 79 2.4E+09 2.44998E-06 0.0522 7.61E+00
Sm146 5.1E+07 5.0549E-08 2.53 7.61E+00
Smi47 5.7E+07 5.69003E-08 2.2476 7.61E+00
Sm148 6.4E+07 6.42658E-08 1.99 7.61E+00
Sm151 6.5E+09 6.46392E-06 0.019785044 7.61E+00
Sn119m 6.5E+09 6.46392E-06 0.019785044 7.61E+00
Sn121m 1.5E+09 1.46829E-06 0.087100885 7.61E+00
Sn123 4.2E+10 4.20688E-05 0.00304 7.61E+00
Sni26 2.4E+08 2.4248E-07 0.527419926 7.61E+00
Sr89 3.6E+08 3.56646E-07 0.358587622 7.61E+00
Sro0 2.2E+08 2.19335E-07 0.583077055 7.61E+00
Tb160 2.3E+08 - 2.34229E-07 0.546 7.61E+00
Tc 98 9.5E+07 9.4532E-08 1.352864583 7.61E+00
Tc 99 8.4E+07 8.43962E-08 1.515340293 7.61E+00
Te123 1.5E+09 1.51168E-06 0.084600538 7.61E+00
Te123m 7.5E+09 7.49405E-06 0.017065401 7.61E+00
Te127 8.0E+08 8.02321E-07 0.159398912 7.61E+00
Tel27m 1.4E+09 1.40818E-06 0.090818471 7.61E+00
Te129 1.4E+09 1.40818E-06 0.090818471 7.61E+00
Th226 4.1E+08 4.14391E-07 0.308619356 7.61E+00
Th227 2.0E+07 2.01851E-08 6.335815362 7.61E+00
Th228 2.1E+07 2.1137E-08 6.050478496 7.61E+00
Th229 2.4E+07 2.35897E-08 5.421384523 7.61E+00
“Th230 2.5E+07 2.52911E-08 5.056687752 7.61E+00
Th231 2.7E+07 2.72622E-08 4.691076245 7.61E+00
Th232 7.2E+08 7.166E-07 0.178466304 7.61E+00
Th234 3.2E+07 3.18399E-08 4.016629793 7.61E+00
Ti207 1.9E+09 1.92105E-06 0.066572433 7.61E+00
T1208 2.6E+08 2.5814E-07 0.495424523 7.61E+00
Ti209 3.2E+07 3.23067E-08 3.958587853 7.61E+00
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ICDF Maximum ICDF Maximum
Allowable Activity | Allowable Activity | Dijsintegration ICDF Liner
Concentration Concentration Energy Absorbed Dose
Constituent (pCi/L) (Ci/cma) (MeV/dis) (Rads/hr)
Tm170 3.2E+07 3.2202E-08 3.971465102 7.61E+00
Tmi171 3.8E+08 3.82049E-07 0.334745144 7.61E+00
U232 4.9E+09 4.87805E-06 0.026217219 7.61E+00
U233 2.4E+07 2.40273E-08 5.322659468 7.61E+00
U234 2.7E+07 2.65487E-08 4.817156054 7.61E+00
U235 2.7E+07 2.67786E-08 4775799161 7.61E+00
U236 2.8E+07 2.79598E-08 4.574037438 7.61E+00
U238 2.8E+07 2.83979E-08 4.503460262 7.61E+00
U240 3.0E+07 " 3.04227E-08 4.203736541 - 7.61E+00
Xel127 8.0E+08 7.98393E-07 0.160183041 7.61E+00
Xe131m 4.1E+08 41371E-07 0.309126983 7.61E+00
Y90 7.9£+08 7.87742E-07 0.162348865 7.61E+00
Zn65 1.3E+08 1.31865E-07 0.969846036 7.61E+00
Zr93 2.2E+08 2.17376E-07 0.588330261 7.61E+00
Zr95 6.6E+09 6.55841E-06 0.0195 7.61E+00
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Appendix B-4

Geomembrane Maximum Allowable Dose
in the Evaporation Pond
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MONTGOMERY WATSON HARZA
Description: Back calculation of maximum allowable concentration for each distinct Parameter for the
evaporation ponds
Project #: 2470178
Prepared by: B.G. Adams

Date: 12/5/01

Checked by: J. Pellicer

Date: 12/7/01

VARIABLES

Liner Thickness = 60
Liner density = 0.94

CONVERSIONS

Depth of leachate = 36

pCi/Ci = 1.00E+12

mils
g/em®
cm

15 yr Dose = 1,000,000 cm®/l = 1000
Daily Dose = 182.6484018 cm/mil = 2.54E-03
Dose Rad/hr = 7.610350076 (dis/s)/Ci= 3.70E+10
sec/hr= 3600

g/kg = 1.00E+03

eV/Mev = 1.00E+06

JleV = 1.60E-19

rad/Gy = 100
ICDF Maximum ICDF Maximum Dissintegration
Activity Activity Concentration Energy ICDF Liner Radiation
Constituent | Concentration (pCi/l) (Cilfem®) (MeV/dis) Dose (Rads/hr)

Ac225 2.4E+06 2.43646E-09 5.832179811 7.61E+00
Ac227 1.8E+08 1.78445E-07 0.079631727 7.61E+00
Ac228 1.0E+07 1.0478E-08 1.356167107 7.61E+00
Ag108 2.3E+07 2.26529E-08 0.627288369 7.61E+00
Ag108m 8.7E+06 8.69773E-09 1.63374702 7.61E+00
Agi09m 1.6E+08 1.63407E-07 0.086960304 7.61E+00
Agt10 1.2E+07 1.17237E-08 1.212069842 7.61E+00
Ag110m 5.1E+06 5.05909E-09 2.808781272 7.61E+00
Am241 2.6E+06 2.56722E-09 5.5635129217 7.61E+00
Am242 7.4E+07 7.42025E-08 0.191501428 7.61E+00
Am242m 2.2E+08 2.16427E-07 0.065656838 7.61E+00
Am243 2.7E+06 2.65699E-09 5.348125195 7.61E+00
Am246 1.1E+07 1.11967E-08 1.269116692 7.61E+00
At217 2.0E+06 2.01111E-09 7.065707158 7.61E+00
Ba137m 2.1E+07 2.14825E-08 0.661462561 7.61E+00
Be 10 7.0E+07 7.01723E-08 0.2025 7.61E+00
Bi210 3.7E+07 3.65293E-08 0.389 7.61E+00
Bi211 2.2E+06 2.15093E-09 6.606380966 . 7.61E+00
Bi214 6.6E+06 6.59806E-09 - 2.153646154 7.61E+00
Bk249 4.3E+08 4.30607E-07 0.03299967 7.61E+00
Bk250 1.2E+07 1.20413E-08 1.180096454 7.61E+00
Cd109 7.2E+08 7.23459E-07 0.019641609 7.61E+00
Cd113m 7.7E+07 7.66621E-08 0.185357358 7.61E+00
Ceidl 5.8E+07 5.76051E-08 0.246677795 7.61E+00
Cel44 1.3E+08 1.27085E-07 0.111813852 7.61E+00
Cf249 2.3E+06 2.29127E-09 6.201740977 7.61E+00
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ICDF Maximum ICDF Maximum Dissintegration .
Activity Activity Concentration Energy ICDF Liner Radiation
Constituent | Concentration (pCi/l) (Cifem®) (MeV/dis) Dose (Rads/hr)
C{250 2.4E+06 2.35839E-09 6.025256294 7.61E+00
Cf251 2.4E+06 2.39063E-09 5.94399266 7.61E+00
Cm241 8.3E+07 8.30017E-08 0.1712 7.61E+00
Cm242 2.3E+06 2.3217E-09 6.120469416 7.61E+00
Cm243 2.3E+06 2.33347E-09 6.089596726 7.61E+00
Cm244 2.4E+06 2.44811E-09 5.804428351 7.61E+00
Cm245 2.6E+06 2.58015E-09 5.607387757 7.61E+00
Cm246 2.6E+06 2.63978E-09 5.382991049 7.61E+00
Cm247 2.7E+06 2.69186E-09 5.278828648 7.61E+00
Cm248 3.1E+06 3.05069E-09 4.657924475 7.61E+00
Co-57 9.9E+07 9.91042E-08 0.143383365 7.61E+00
Co-58 1.5E+07 1.45098E-08 0.979328243 7.61E+00
Co-60 5.5E+06 5.46197E-09 2.601603093 7.61E+00
Cr-51 3.9E+08 3.92633E-07 0.036191289 7.61E+00
Cs-134 8.3E+06 8.27552E-09 1.717100005 7.61E+00
Cs135 2.5E+08 2.52396E-07 0.0563 7.61E+00
Cs137 8.3E+07 8.32187E-08 0.1707536 7.61E+00
Eu150 4.9E+07 4.8664E-08 0.292 7.61E+00
Eu152 1.1E+07 1.11338E-08 1.276280952 7.61E+00
Eu154 9.3E+06 9.3063E-09 1.526910861 7.61E+00
Eu155 1.2E+08 1.16121E-07 0.122371015 7.61E+00
Fe-59 1.1E+07 1.08812E-08 1.30591073 7.61E+00
Fr221 2.2E+06 2.22222E-09 6.394459322 7.61E+00
Fr223 3.3E+07 3.26869E-08 0.434726751 7.61E+00
Gd153 9.3E+07 9.32714E-08 0.15235 7.61E+00
H 3 2.5E+09 2.49954E-06 0.005685 7.61E+00
Ho166m 8.2E+06 8.16054E-09 1.741292443 7.61E+00
In114 1.8E+07 1.76822E-08 0.803627157 7.61E+00
In114m 5.9E+07 5.93595E-08 0.239386934 7.61E+00
In115 9.3E+07 9.34861E-08 . 0.152 7.61E+00
K-40 2.3E+07 2.32809E-08 0.610365806 7.61E+00
La140 5.0E+06 4.98785E-09 2.848903435 7.61E+00
Mn-54 1.7E+07 1.69201E-08 0.839824907 7.61E+00
Nb92 9.4E+06 9.41074E-09 1.509964777 7.61E+00
Nb93m 4.7E+08 4.6971E-07 0.030252491 7.61E+00
Nb94 8.3E+06 8.25839E-09 1.720660307 7.61E+00
Nb95m 5.8E+07 5.75777E-08 0.24679489 7.61E+00
Nd144 7.5E+06 7.47889E-09 -~ 1.9 : 7.61E+00
Np236 - 4.2E+07 4.16647E-08 0.341053651 7.61E+00
Np239 3.4E+07 3.42077E-08 0.415400022 7.61E+00
Np240m 1.5E+07 1.49752E-08 0.948896841 7.61E+00
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ICDF Maximum ICDF Maximum Dissintegration
Activity Activity Concentration Energy ICDF Liner Radiation
Constituent | Concentration (pCi/l) (Ci/cms) (MeV/dis) Dose (Rads/hr)
Pa231 2.6E+06 2.60565E-09 5.453502195 7.61E+00
Pa233 3.5E+07 3.47005E-08 0.409501364 7.61E+00
Pa234 5.8E+06 5.7682E-09 2.463486522 7.61E+00
Pa234m 1.7E+07 1.70212E-08 0.834833438 7.61E+00
Pb209 7.2E+07 7.19124E-08 0.1976 7.61E+00
Pb210 3.7E+08 3.65305E-07 0.038898656 7.61E+00
Pb212 4.4E+07 4.42337E-08 0.321245808 7.61E+00
Pb214 2.6E+07 2.63893E-08 0.538471991 7.61E+00
Pd107 4.3E+08 4.29289E-07 0.033101 7.61E+00
Pm146 1.7E+07 1.67012E-08 0.850831344 7.61E+00
Pm147 2.3E+08 '2.29335E-07 0.061961344 7.61E+00
Pm148 1.1E+07 1.09229E-08 1.30092091 7.61E+00
Pm148m 6.6E+06 6.59299E-09 2.155301698 7.61E+00
Po210 2.7E+06 2.67883E-09 5.304505553 7.61E+00
Po211 1.9E406 1.90729E-09 7.450314354 7.61E+00
Po212 1.6E4+06 1.61754E-09 8.7849 7.61E+00
Po213 1.7E+06 1.6963E-09 8.376999781 7.61E+00
Po214 1.8E+06 1.84855E-09 7.687067933 7.61E+00
Po215 1.9E4+06 1.92382E-09 7.38630707 7.61E+00
Po216 2.1E+06 2.09632E-09 6.778486648 7.61E+00
Po218 2.4E+06 2.3678E-09 6.001296466 7.61E+00
Pri44 1.1E+07 1.10667E-08 1.284017776 7.61E+00
Pr144m 1.2E+09 1.19942E-06 0.01184728 7.61E+00
Pu236 2.5E+06 2.46199E-09 5.771712409 7.61E+00
Pu237 2.3E+08 2.28304E-07 0.062241073 7.61E+00
Pu238 2.6E+06 2.58503E-09 5.496995126 7.61E+00
Pu239 2.8E+06 2.75731E-09 5.153526936 7.61E+00
Pu240 2.8E+06 2.75157E-09 5.164286359 7.61E+00
Pu241 2.7E+09 2.71705E-06 0.005229895 7.61E+00
Pu242 2.9E+06 2.8864E-09 4.923056772 7.61E+00
Pu243 7.3E+07 7.2795E-08 0.195204338 7.61E+00
Pu244 3.1E+06 3.09035E-09 4.598152374 7.61E+00
Pu246 9.2E+07 9.1963E-08 0.154517541 7.61E+00
Ra222 2.2E+06 2.16827E-09 6.553547823 7.61E+00
Ra224 2.5E+06 2.49862E-09 5.687100654 7.61E+00
Ra225 1.2E+08 1.19185E-07 0.119225863 7.61E+00
Ra226 3.0E+06 2.96677E-09 4.789685685 7.61E+00
. Ra228 - 1.2E4+09 . 1.22838E-06 0.011568007 . 7.61E+00
Rb87 1.8E+08 1.80329E-07 0.0788 7.61E+00
Rh102 1.8E+08 1.78069E-07 0.0798 7.61E+00
Rh103m 3.7E+08 3.65661E-07 0.038860869 7.61E+00
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ICDF Maximum ICDF Maximum Dissintegration
Activity Activity Concentration Energy ICDF Liner Radiation
Constituent | Concentration (pCifl) (Ciflcm?®) (MeV/dis) Dose (Rads/hr)
" Rh106 8.8E+06 8.77496E-09 1.61936774 7.61E+00
Rn218 2.0E+06 1.99213E-09 7.132996084 7.61E+00
Rn219 2.1E+06 2.07983E-09 6.832252476 7.61E+00
Rn220 2.3E+06 2.25974E-09 6.288297183 7.61E+00
Rn222 2.6E+06 2.58851E-09 5.48961137 7.61E+00
Ru103 2.6E+07 2.56695E-08 0.5563570714 7.61E+00
Ru106 3.6E+08 3.60648E-07 0.039401 7.61E+00
Sb124 6.3E+06 6.31827E-09 2.249015659 7.61E+00
Sb125 2.7E+07 2.68008E-08 0.530203897 7.61E+00
Sb126 4.7E+06 4.65525E-09 3.052446696 7.61E+00
Sc-46 6.7E+06 6.69811E-09 2.121478487 7.61E+00
Se 79 2.7E+08 2.7222E-07 0.0522 7.61E+00
Sm146 5.6E+06 5.61656E-09 2.53 7.61E+00
Sm147 6.3E+06 6.32225E-09 2.2476 7.61E+00
Sm148 7.1E+06 7.14065E-09 1.99 7.61E+00
Sm151 7.2E+08 7.18214E-07 0.019785044 7.61E+00
Sn119m 7.2E+08 7.18214E-07 0.019785044 7.61E+00
Sn121m 1.6E+08 1.63143E-07 0.087100885 7.61E+00
Sn123 4.7E+09 4.67431E-06 0.00304 7.61E+00
Sn126 2.7E+07 2.69423E-08 0.527419926 7.61E+00
Sr89 4.0E+07 3.96274E-08 0.358587622 7.61E+00
Sr90 2.4E+07 2.43705E-08 0.583077055 7.61E+00
Tb160 2.6E+07 2.60254E-08 0.546 7.61E+00
Tc 98 1.1E+07 1.05036E-08 1.352864583 7.61E+00
Tc 99 9.4E+06 9.37736E-09 1.5156340293 -7.61E+00
Te123 1.7E+08 1.67965E-07 0.084600538 7.61E+00
Te123m 8.3E+08 8.32673E-07 0.017065401 7.61E+00
Tel127 8.9E+07 8.91467E-08 0.159398912 7.61E+00
Tel27m 6.2E+07 6.23836E-08 0.227782297 7.61E+00
Tel29 1.6E+08 1.56465E-07 0.090818471 7.61E+00
Th226 4.6E+07 4.60434E-08 0.308619356 7.61E+00
Th227 2.2E+06 2.24279E-09 6.335815362 7.61E+00
Th228 2.3E+06 2.34856E-09 6.050478496 7.61E+00
Th229 2.6E+06 2.62108E-09 5.421384523 7.61E+00
Th230 2.8E+06 2.81012E-09 5.056687752 7.61E+00
Th231 3.0E+06 3.02913E-09 4.691076245 7.61E+00
Th232 8.0E+07 7.96223E-08 0.178466304 7.61E+00
Th234 3.5E+06 3.53776E-09 4.016629793 7.61E+00
TI1207 2.1E+08 2.1345E-07 0.066572433 7.61E+00
TI208 2.9E+07 2.86823E-08 0.495424523 7.61 §+00
T1209 3.6E+06 3.58964E£-09 3.958587853 7.61E+00
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ICDF Maximum ICDF Maximum Dissintegration
Activity Activity Concentration Energy ICDF Liner Radiation
Constituent | Concentration (pCi/l) (Cilcms) (MeV/dis) Dose (Rads/hr)

Tm170 3.6E+06 3.578E-09 3.971465102 7.61E+00
Tm171 4.2E+07 4.24499E-08 0.334745144 7.61E+00
U232 5.4E+08 5.42006E-07 0.026217219 7.61E+00
U233 2.7E+06 2.6697E-09 5.322659468 7.61E+00
U234 2.9E+06 2.94985E-09 4.817156054 7.61E+00
U235 3.0E+06 2.9754E-09 4.775799161 7.61E+00
U236 3.1E+06 3.10664E-09 4.574037438 7.61E+00
U238 3.2E+06 3.15533E-09 4.503460262 7.61E+00
U240 3.4E+06 3.3803E-09 4.203736541 7.61E+00
Xel27 8.9E+07 8.87103E-08 0.160183041 7.61E+00
Xel131m 4.6E+07 4.59678E-08 0.309126983 7.61E+00
YO0 " 8.8E+07 8.75269E-08 0.162348865 7.61E+00
Zn65 2.3E4+07 2.34524E-08 0.605903 7.61E+00
Zr93 2.4E+07 2.41529E-08 0.588330261 7.61E+00
Zr95 7.3E+08 7.28712E-07 0.0195 7.61E+00
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HDPE Liner Manufacturer’s Compatibility Data

LINER COMPATIBILITY

1. Identify the manufacturer and the type of liner that will be used in the landfill which will contain the
form R wastes.

MANUFACTURER:  GSE Lining Technology, Inc.

LINER TYPE: 60 mil HDPE
2. Describe how the following types of chemicals will affect the liner to be used to contain the form R
waste:

aromatic halogenated hydrocarbous - SEE ATTACHED SHEET
aliphatic halogenated hydrocarbons - SEE ATTACHED SHEET
aromatic hydrocarbons - SEE ATTACHED SHEET

aliphatic hydrocarbons - SEE ATTACHED SHEET

volatile and semi-volatile organics - SEE ATTACHED SHEET

oil and grease - SEE ATTACHED SHEET |
strong oxidizers - GENERALLY NO SIGNIFICANT EFFECT
acids - GENERALLY NO SIGNIFICANT EFFECT

bases - GENERALLY NO SIGNIFICANT EFFECT

dissolved metals, salts and nutrients - GENERALLY NO EFFECT

3. Give an acceptable compatibility limit for each of the compounds on the following pages and
certificate liner manufacturer:

Signature of Liner Manufacturer:

Matthew W. Adams
Technical Support Chemist

Date

FORM-R/PAGE 1
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Aromatic Halogenated Hyvdrocarbons
Aromatic Halogenated Hydrocarbons tend to be absorbed into polyethylene over long periods of time where they

may function as a plasticizer. As a result, the polyethylene may swell and become softer and more elastic. These
effects are generally reversible if the exposure is terminated.

Since polyethylene consists of a range of molecular weight molecules and somewhat different branching
arrangements, some lower density polyethylenes may contain fractions that are extractable. Some types of chemical
stabilizers and processing aids may also be extractable.

These above noted effects increase with increasing temperature. Softening, swelling and increased elasticity may

rapidly reduce the usefulness of polyethylene as a structural component such as for use as a pressure pipe.
Generally, these effects do not seriously affect the performance of polyethylene as a containment membrane,

GSE HyperFlex® polyethylene geomembranes are manufactured from a narrow molecular weight range resin
designed to minimize the possibility of extractable fractions and maximize the resistance to stress cracking,

Aliphatic Halogenated Hydrocarbons

Similar effects as for Aromatic Halogenated Hydrocarbons but generally less severe. Some materials have little or
no effect.

Aromatic Hydrocarbons

Again similar to Aromatic Halogenated Hydrocarbons but generally less severe. Many materials have no significant
effect.

Allphatic Hydrucarbons

Again similar, but with further reductions of general severity. Most materials have no significant effect.
Volatile and Semivolatile Organics

These are mostly covered by the previously noted comments about hydrocarbons.

Qil and Grease

Mineral, vegetable and animal oils, fats or grease generally have no significant effect.
Strong Oxidizers - Generally no significant effect.
Acids - Generally no significant effect.

Dissolved Metals, Salts and Nutrients - Generally no effect.

FORM-R/PAGE 2
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FORMR

LINER COMPATABILITY
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION _ LINER/LEACHATE LIMIT
meg/l
Aromatic polychlorinated biphenyl ( 2000 )
Halogenated aldrin ( 2000 )
Hydrocarbons dichlorobenzene ( 2000 )
hexachlorobenzene ( 2000 )
pentachlorobenzene ( 2000 )
trichlorobensenc ( 2000 )
tetrachlorobenzene ( 2000 )
2-chloronaphthalene ( 2000 )
chloronaphthalene ( 2000 )
chlorobenzene ( 2000 )
4,4-DDT ( 2000 )
4,4-DDE ( 2000 )
4,4-DDD ( 2000 )
Aliphatic bromoform ( 2000 )
Halogenated carbon tetrachloride ( 2000 )
Hydrocarbons chlorodibromomethane ( 2000 )
chloroethane ( 2000 )
chloroform ( 2000 )
dichlorobromomethane ( 2000 )
dichlorodifluoromethane ( 2000 )
dichloroethane ( 2000 )
dichloropropane ( 2000 )
dichloroethene ( 2000 )
ethylene chloride ( 2000 )
ethylene dichloride ( 2000 )
hexachloroethane ( 2000 )
methyl bromide ( 2000 )
methyl chloride ( 2000 )
methylene chloride ( 2000 )
tetrachloroethane ( 2000 )
tetrachlorocthene ( 2000 )
trichlorocthane ( 2000 )
trichloroethene ( 2000 )
trichlorofluoromethane ( 2000 )
vinyl chloride ( 2000 )

TEMPERATURE 70 °F
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FORMR

LINER COMPATABILITY
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION LINER/LEACHATE LIMIT
mg/1

Aromatic acenapthene ( 2000 )

Hydrocarbons acenaphthylene ( 2000 )
anthracene ( 2000 )
benzene ( 2000 )
benzo(a)anthracene ( 2000 )
benzu(a)pyrene ( 2000 )
benzo(g,h,i)perylene ( 2000 )
benzo(k)fluoranthene ( 2000 )
3,4-benzoflouranthene ( 2000 )
chrysene ( 2000 )
dibenzo(a,h)anthracene ( 2000 )
ethyl benzene ( 2000 )
flouranthene ( 2000 )
flourene ( 2000 )
ideno(1,2,3,c,d)pyrene ( 2000 )
naphthalene ( 2000 )
phenanthrene ( 2000 )
pyrene ( 2000 )
styrene ( 5000 )
toluene ( 5000 )
xylene ( 5000 )

Aliphatic heptane ( 500,000 )

Hydrocarbons hexane ( 500,000 )]
octane ( 500,000 )
TEMPERATURE 70 °F
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FORM R

LINER COMPATABILITY
PARAMETER PARAMETER MANUFACTURER'’S
CLASSIFICATION LINER/LEACHATE LIMIT
mg/1

Volatile & acrolein ( 200,000 )

Semivolatile acrylonitrile ( 200,000 )

Organics acetone ( 200,000 )
amyl acetate ( 200,000 )
benzidine ( 200,000 )
butyl alculol ( 500,000 )
bis(2-chloroethoxy)methane ( 2,000 )
bis(2-chloroethosy)ether ( 2,000 )
bis(2-chloroisopropy)ether ( 2,000 )
bis(2-etylhexyl)pththalate ( 2,000 )
4-bromopheny! phenyl ether ( 2,000 )
butyl benzyl phthalate ( 200,000 )
cresol ( 100,000 )
chlordane ( 2,000 )
alpha-BHC ( 2,000 )
beta-BHC ( 2,000 )
gamma-BHC ( 2,000 )
delta-BHC ( 2,000 )
dieldrin ( 2,000 )
dichlorobenzidine ( 2,000 )
diethyl phthalate ( 100,000 )
dibutyl phthalate ( 100,000 )
dimethy] phthalate ( 100,000 )
isobutyl alchohol ( 500,000 )
isopropyl alcohol ( 500,000 )
methyl alcohol ( 500,000 )
2-chloroethyl vinyl ether ( 2,000 )
2-chlorophenol ( 2,000 )
dichlorophenol ( 2,000 )
dimethy] phenol ( 2,000 )
dinitro-o-cresol ( 2,000 )
dinitrophenol ( 2,000 )
dinitrotoluene ( 2,000 )
diphenylhydrazine ( 2,000 )
ethyl acetate ( 100,000 )
ethyl ether ( 2,000 )
ethyl glycol ( 500,000 )
endosulfan ( 2,000 )
endrin ( 2,000 )
formaldehyde ( 200,000 )
heptachlor ( 2,000 )
hexachlorocyclopentadiene ( 2,000 )
hexachlorvbutadiene ( 2,000 )
isophorone ( 2,000 )
methyl ethyl ketone ( 200,000 )
TEMPERATURE 70 °F
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FORM R

LINER COMPATABILITY
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION LINER/LEACHATE LIMIT
mg/1
Volatile & methyl isobutyl ketone ( 500,000 )
Semivolotile nitrophenol ( 100,000 )
Organics N-nitrosodimethylamine ( 100,000 )
(cont.) N-nitrosodi-n-propylamine ( 100,000 )
nitrobenzene ( 100,000 )
pentachlorophenol ( 100,000 )
phenol ( 100,000 )
pyridine ( 100,000 )
toxaphene ( 100,000 )
trichlorophenol ( 100,000 )
2,4,5-TP(silvex) ( ? )
TEMPERATURE 70 °F
FORM-R/PAGE 6
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FORMR

LINER COMPATABILITY
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION LINER/LEACHATE LIMIT
mg/]
Acids & acetic acid ( 500,000 )
Bases chromic acid ( 100,000 )
citric acid ( 500,000 )
hydrobromic acid ( 100,000 )
hydrochloric acid ( 350,000 )
hydrucyanic acid ( 100,000 )
hydrofluaric acid ( 750,000 )
nitric acid ( 500,000 )
picric acid ( 500,000 )
phosphoric acid ( 500,000 )
perchloric acid ( 500,000 )
sulfuric acid ( 500,000 )
potassium hydroxide ( 500,000 )
sodium hydroxide ( 500,000 )
Products & antifreeze ( 500,000 )
Various asphalt ( 500,000 )
Substances cresols ( 100,000 )
crude oil ( 500,000 )
diesel fuel ( 500,000 )
fatty acids ( 500,000 )
freon ( 500,000 )
tuel oil ( 500,000 )
gasoline ( 500,000 )
hydraulic oil ( 500,000 )
kerosene ¢ 500,000 )
lacquers ( 500,000 )
lubricating oil ( 500,000 )
mineral spirits ( 500,000 )
naphtha ( 500,000 )
paraffin . ( 500,000 )
transformer oil ( 500,000 )
Miscellaneous pH ( 0.5-13.0 pH unit )
strong oxidizers* ( 1000-500,000 )
metals, salts, nutrients ( 500,000 )
*potassium permaganate, potassium dichromate, chlorine, peroxides
TEMPERATURE 70 °F
FORM-R/PAGE 7



Chemical Resistance

For environmental lining solutions...the world comes to GSE.®
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POLYETHYLENE
TECHNICAL SERVICE
MEMORANDUM

TSM-243
September, 1994

Engineering Properties

of Marlex Resins

INTRODUCTION

it is semetimes necessary. to have information about
high density polyethylene (HOPE) that does not normally
appear on the typical rasin data shesr. This Techrical
Service Mermorandum supplies data on many of the
infrequenty published physical, chemical and electical
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properties of our Marlex resins. in this Memorandurm,
we will briefly discuss many of these test precedures.
-and provide available information conceming particidar
Tesin properties as well 2s comparing Marlex HDPE to
other résin types.
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Deformation of Plastics Under Load (ASTM D621)

Meathod A: Rigid Plastics - &Mz in {1207 ) Cubicgl specimen is:maintained unider 8 cohstant compressive.
force of 500 pounds {227 kgf bebween the parailel plates of a device manufactured by the Luster Jordan Company.
The whole assembly is enclosed-ina constant termperatiure oven at 122°F (51}“(:} Thechangemmxﬁmess s
ubserved over a period of 24 howrs and reported as follows:

QRIGINAL DEFORMED

POLYETHYLENE  HEIGHT, ' . HEIGHT, DEFORMATION, mPS‘Ea. PRESSURE, TEMPERATURS_
MATERIAL in'femy nfm PERCENT HOURS psi {MPa) 1)
HighDensty 0806 (1.27}  0.46501.18) 81 22 2000 (13.8) 122 (56
lowDensty DSOS {1.3G) 0425 n.a&; 185 74 2000 (13.8) 122 (56)

Method 8: Non-Rigld Frastcs ~ Mﬁﬂﬁ!ﬁmwm&ﬁy&mmask&%i\w&ptmt(‘i}memtspecmnm
iy the shape of g cviinder 1128 In {28.7 mmy) in diameter andl 0.250 in (6.4 mmy thick having the two fiat surfaces
paraiiel; {2} the pressure is 100 pal (0.6 MP4): and (3} the test period is 3 hours. The results of testing by Method B
are asfolows:

ORIGINAL  DEFORMED TME
POLYETHYLENE HEWGHT, - HEIGHT, DEFORMATION,  ELAPSED, PRESSURE,  TEMPERATURE,
MATERIAL i fer) n o) PERCENT HOURS psi MPg) *F (o)
Hign Densty  0:483(1.23)  6.483 (7.29) o 3 100 0:65) 122 (509
LowDensty  0.458(1.26)  0.496 (.25 5 3 100 (0,69 122 50

Irradiation — Effects on Properties of HDPE of Gamma and Beta Irradiation

“Datd indicate that polymer-crossiinking cecurs with beta-or gamma iradiation accompanied by an increase in
density. tensile strength and hardness and by a decreasg in solubility. radiation of Marlex high density poiyethylene
also NCresses resistance o envirgnmental sess o acking.

TEMPERATURE, BETA IRRADIATION DOSAGE (MEGARADS)
TYPICAL PROPERTIES F {0} 8 ' 5 e 15 50
Teénsila Srength. '
psi MPa) 82 £78) 4110283  A17(297)  4293(39) 400 (303 4580 (31.4)
200 193 1303898  1567(108 1880(11.3 V2007 1477.(10.8)
290132 - 180(1.2) 212 fi.48) 455.(3.13) 745'(5.13)
Elongation, % 8228 20 18 22 20 20
280483 167 375 520 5058 - 133
210 (132) - 510 445 385 110
Hardness, Shoe D 84 67 87 B8 Fio
Densiy, g/on? 0,58 098 098 098 088
Sohibiity, Tewain,
2668°F ﬂ:aa'(:} V Soluble insohsble Insohsie Insukibie Insohile
oo o - White White vory oy Tan
. . TEMPERATURE, GAMMA IRRADIATION DOSAGE (MEGARADS)
m&.ﬁmwas FL0 ) 1 10 160
psi pPa) 8228 5640:40.2)° 7607 51.7) F120 (8.7 B360 157.6)
Elorigation, % 828 13 15 15 1
Hardriess, Shore D ‘ 64 88 Eiu 70
Density. glom* 0:952 0.955 0.955 6.967
“Selubiiyy, Terraln :
266°F{130°C) Seluble insolble Insoluble msolble
Moasrad by ek BhETes.
12
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]
TABLE @

Effect of Gamima and Beta lrradiation
of Mariex HDPE on Environmental
Stress Cracking in IGEPAL CO-630 at
122°F (50°C)

TYPE OF IRRADIATION Fgo VALUES, h
DOSAGE, RADS GANNA BETA

None 20 20
1 %7108 20 .
Ix W 24 -
8 x10° 10 40
1% 107 700 350
kX aid 350 150
1% 107 1 -

[l S R S

Heat Deflection Tempemwre

(ASTM D648) .

This test is primarily intended to determine the
tempirgture atwhich an arbitrary defarmiation occirs
whenspecknansaremaspedﬁsza
siress. Iis used o indicate the behavior of plastic
material at elevaled temperatiresin applications which
are similar 10 the test procedive, Although this test is
des;gned for more figid materials such as polystyrene,
unptaswzedwmswnym Mssespemaﬁy
usehd ivcompaning Marex HDPE with

m&mwm

1 molded bars 5 in. (127 mm)iong, 0.5 in.
{}27nmwideandﬂz’5m {B.4 mmj thick are
supported along e 0.25 in. edge - between two points
3 in. {100 mm}apart. Weight is applied at the center of
mmwma%mwﬁawﬁﬁmpﬁ
Tha bars aredmmersed in slicons of and the bath
temperature increased ata rate of 3.6°F 2C)per
arimte. The bath temperstire it the instant the
specimen defiects {pends) 0.010in. 0.25¢ mm)isthe
et deflection lermperatire. In @ more sringent lest

whchwasmmﬁym@edfcrmmmgresm
a heavier hitis used 1o impose 2 264 psi (1.8 MPg)
fiber stress, Therefore, care sheld be taken to

memmmmmmﬁngm

deflection data. Figure 6 compares the heat deflection
@nmaﬁedag@maﬂ\ﬂaﬁexh&ghdem@m&yemm
with fow density polyethylene at various leadings.
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FIGURE &
Eﬁiecwfl.aadingm
Heatﬂeﬂec&n Tgmpemfure
2
¥
:
g‘
?é
5
3
g
© W @ @ 2 20 am
w2y 85y RER Wy (15 (19 (189
Mﬂemfty
The y of moiten Marlex HDPE differs from its.
density in the solid form, Uniike the 'soiid density.

wich covers & broad range depending upon resin
ogy, the density.of all Marlex HDPEsmhe
meited state is about thé same at a given temperature
and préssure. The melt density may be usef in the
design ul-extuders and other molding squipment.

FIGURE 7
Melt Density vs. Te:mm at
fmfimted Presswas for Marlex HOPE

DENBITY, glom?

iz ] o 1227 ] @ry
TEMPERATURE, *¢ 1ty

e
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Appendix D

Suggested Maximum Leachate Concentrations for
Individual Constituents
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Table D-3. Suggested maximum leachate concentrations for radionuclide constituents for liner
compatibility in the ICDF Landfill.

. . Predicted Suggested Maximgm cAc:tivity
Constituent . . .. b Concentration
Activity Concentration in Leachate (pCilL)
(pCi/L) P
Ac225 1.1E-07 2.2E+07
Ac227 4.5E-05 _ 1.6E+09
Ac228 3.4E-10 9.4E+07
Agl06 0.0E+00 2.0E+08
Agl08 4.1E-08 -
AglO8m 8.9E+00 7.8E+07
Agl09m 5.5E-11 1.5E+09
Agll0 5.7E-10 1.1E+08
Agl10m 6.2E-08 4.6E+07
Aglll 0.0E+00 -
Am241 7.0E+01 2.3E+07
Am?242 1.3E-04 6.7E+08
Am?242m 1.3E-04 1.9E+09
Am?243 9.8E-04 2.4E+07
Am245 0.0E+00 -
Am?246 4.1E-25 1.0E+08
A217 8.5E-04 1.8E+07
Bal36m 0.0E+00 -
Bal37m 4.6E+05 1.9E+08
Bal40 0.0E+00 -
Be 10 4.6E-06 6.3E+08
Bi210 1.1E-05 3.3E+08
Bi211 1.8E-04 1.9E+07
Bi212 5.5E-03 4.5E+07
Bi213 0.0E+00 -
Bi214 5.6E-05 5.9E+07
Bk249 5.4E-22 3.9E+09
Bk250 1.9E-26 1.1E+08
Ccl14 9.1E-03 2.6E+09
Cd109 8.1E-10 6.5E+09
Cd113m 2.7E+02 6.9E+08
Cdi15m 7.0E-52 2.0E+08
Cel4l 3.6E-71 5.2E+08
Celd2 0.0E+00 -

- Cel44 3.6E-03 1.1E+09
Cf249 ' 8.1E-16 2.1E+07
Cf250 4.1E-16 2.1E+07
Cf251 1.9E-18 2.2E+07
Cf252 4.4E-20 1.2E+10
Cm241 3.2E-81 7.5E+08
Cm242 1.3E-17 2.1E+07
Cm?243 8.9E-07 2.1E+07
Cm244 4.5E-04 2.2E+07
Cm245 2.0E-08 2.3E+07
Cm246 4.5E-10 2.4E+07
Cm247 1.6E-16 2.4E+07
Cm248 4 9E-17 2.7E+07
Cm250 1.4E-25 9.8E+07
Co-57 3.7E-01 8.9E+08
Co-58 5.8E-15 1.3E+08
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Table D-3. (continued).

Suggested Maximum Activity

Constituent® .. Predicted b Concentration®
Activity Concentration in Leachate (pCi/L)
(pCi/L) P
Co-60 1.9E+04 4.9E+07
Cr-51 7.7E-53 3.5E+09
Cs132 0.0E+00 -
Csl134 2.2E+01 7.4E+07
Cs135 7.2E-02 2.3E+09
Csl136 0.0E+00 -
Cs137 4.9E+04 7.5E+08
Er169 0.0E+00 -
Euls50 ‘ 5.1E-08 4.4E+08
Eul52 2.8E+03 1.0E+08
Eul54 2.4E+03 8.4E+07
Eul55 5.2E+02 1.0E+09
Eul56 0.0E+00 -
Fe-59 2.0E-34 9.8E+07
Fr221 1.0E-07 2.0E+07
Fr223 5.6E-07 2.9E+08
Gdi152 1.1E-13 5.9E+07
Gd153 8.4E-11 8.4E+08
H3 8.3E+05 2.2E+10
Hf-181 1.7E-36 1.7E+08
Hol166m 1.1E-05 7.3E+07
1129 2.2E+04 1.6E+09
1131 0.0E+00 -
Inll4 4.8E-54 1.6E+08
Inl14m 5.1E-54 5.3E+08
Inl15 1.5E-11 8.4E+08
Inl15m 0.0E+00 -
K-40 1.3E+02 2.1E+08
Krg1¢ 8.8E-05 -
Kr85* 1.9E+07 -
Lal38 0.0E+00 -
Lal40 2.2E-105 4.5E+07
Mn-54 3.9E-07 1.5E+08
Nb92 6.3E-18 8.5E+07
Nb93m 1.3E-01 4.2E+09
Nb94 8.8E-05 7.4E+07
Nb95 4.8E-32 1.6E+08
Nb95Sm 1.8E-34 5.2E+08
Nd144 1.4E-09 6.7E+07
Nd147 0.0E+00 -
Np235 8.4E-09 1.3E+10
Np236 8.6E-06 3. 7E+08
Np237 8.0E+01 2.6E+07
Np238 2.7E-05 1.6E+08
Np239 4.1E-02 3.1E+08
Np240 3.5E-12 8.0E+07
Np240m 3.1E-09 1.3E+08
Pa231 1.3E-04 2.3E+07
Pa233 7.9E-02 3.1E+08
Pa234 5.0E-06 5.2E+07



Table D-3. (continued).

Predicted Suggested Maximum Activity
Constituent® .. .. b Concentration®

Activity Concentration in Leachate .
(pCilL) (pCi/L)
Pa234m 3.1E-03 1.5E+08
Pb209 4.8E-07 6.5E+08
Pb210 1.1E-05 3.3E+09
Pb211 1.8E-04 2.5E+08
Pb212 5.5E-03 4.0E+08
Pb214 5.6E-05 2.4E+08
Pd107 1.1E-01 3.9E+09
Pml46 2.4E-02 1.5E+08
Pm147 1.6E+03 2.1E+09
Pmi148 1.7E-58 9.8E+07
Pm148m 3.4E-57 5.9E+07
Po210 6.8E-06 2.4E+07
Po211 4.6E-09 1.7E+07
Po212 2.2E-03 1.5E+07
Po213 2.9E-07 1.5E+07
Po214 3.7E-05 1.7E+07
Po215 1.2E-04 1.7E+07
Po216 3.7E-03 1.9E+07
Po218 3.7E-05 2.1E+07

Pri43 0.0E+00 -
Pri44 7.4E-03 1.0E+08
Pr144m 1.1E-04 1.1E+10
Pu236 3.9E-05 2.2E+07
Pu237 8.6E-58 2.1E+09
Pu238 1.7E+03 2.3E+07
Pu239 4.8E+01 2.5E+07
Pu240 1.1E+01 2.5E+07
Pu241 4.6E+02 2.4E+10
Pu242 1.7E-03 2.6E+07
Pu243 4.6E-15 6.6E+08
Pu244 : 1.8E-10 2.8E+07
Pu246 9.9E-25 8.3E+08
Ra222 1.2E-115 2.0E+07
Ra223 2.0E-04 2.2E+07
Ra224 5.5E-03 2.2E+07
Ra225 5.1E-07 1.1E+09
Ra226 4.7E+00 2.7E+07
Ra228 1.5E-09 1.1E+10

Rb86 0.0E+00 -
Rb87 2.0E-04 1.6E+09
Rh102 5.7E-04 1.6E+09
Rh103m 5.4E-57 3.3E+09
Rh106 2.2E-01 7.9E+07
Rn218 2.1E-112 1.8E+07
Rn219 3.4E-01 1.9E+07
Rn220 9.2E+00 2.0E+07
Rn222 1.0E-01 2.3E+07
Rul03 3.6E-28 2.3E+08
Rul06 2.2E-01 3.2E+09
Sb124 4.1E-39 5.7E+07



Table D-3. (continued).

Predicted Suggested Maximum Activity

. a s .C
Constituent Activity Concentration in Leachate® COHC%‘;EUOH
Sb125 1.9E+02 : 2.4E+08
Sb126 4.1E-01 4.2E+07
Sb126m 2.9E+00 5.9E+07
Sc-46 9.2E-20 6.0E+07
Se 79 4.1E+01 2.4E+09
Sml46 1.8E-09 5.1E+07
Sm147 1.7E-05 5.7E+07
Sm148 4.2E-12 6.4E+07
Sm149° 2.1E-11 -
Smi51 1.4E+03 6.5E+09
Snl117m 0.0E+00 -
Snl19m 1.1E-06 6.5E+09
Snl2lm 2.1E-01 1.5E+09
Sni23 6.5E-16 4.2E+10
Snl25 0.0E+00 -
Snl26 : 1.1E+00 2.4E+08
Sr89 5.0E-42 3.6E+08
Sr90 1.9E+06 2.2E+08
Tb160 1.3E-33 2.3E+08
Tb161 0.0E+00 . -
Tc 98 6.8E-04 9.5E+07
Tc 99 2.2E+04 8.4E+07
Tel23 3.6E-14 1.5E+09
Tel23m 2.4E-22 7.5E+09
Tel25m 1.8E+01 5.2E+08
Tel27 7.5E-19 8.0E+08
Tel27m 7.6E-19 5.6E+08
Tel29 5.4E-70 1.4E+09
Tel29m 8.6E-70 2.1E+08
Th226 2.2E-116 4.1E+08
Th227 1.8E-04 2.0E+07
Th228 3.3E-01 2.1E+07
Th229 5.1E-07 2.4E+07
Th230 1.7E+00 2.5E+07
Th231 1.6E+00 2.7E+07
Th232 1.6E+00 : 7.2E+08
Th234 1.7E-02 3.2E+07
T1207 1.8E-04 1.9E+09
TI1208 2.0E-03 2.6E+08
Ti209 1.1E-08 3.2E+07
Tm170 2.7E-25 3.2E+07
Tml71 6.6E-12 3.8E+08
U230 0.0E+00 -
U232 8.8E-02 4.9E+09
U233 4.2E-03 2.4E+07
U234 9.9E+02 2.7E+07
U235 1.8E+01 2.7E+07
U236 3.3E+01 2.8E+07
U237 0.0E+00 -
U238 3.2E+02 2.8E+07
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Table D-3. (continued).

' . Predicted Suggested Maximgm cActivity
Constituent .. .. b Concentration
Activity Concentration in Leachate CilL)
(pCilL) pCi

U240 4.2E-09 3.0E+07

Xel27 2.6E-68 8.0E+08

Xel29m 0.0E+00 -

Xel31lm 4.5E-108 4.1E+08

Xel33 0.0E+00 -

Y90 1.3E+05 7.9E+08

Yo1 2.4E-36 1.3E+08

Zn65 1.7E-07 2.1E+08

2193 1.4E+00 2.2E+08

Zr95 4 9E-25 6.6E+09

Notes:

a. Constituent reported in the “INEEL CERCLA Disposal Facility Design Inventory” (EDF-ER-264).

b. Predicted average leachate activity concentration during the 15 year operational period.

c. The suggested maximum activity concentration selected for the ICDF liner system is based on a total absorbed

dose of 1,000,000 rads for the individual constituent and a 4 cm leachate depth.
The constituents are gaseous elements so not part of the leachate.
e. No energy emitted since stable isotope.




Table D-4. Suggested maximum leachate concentrations for radionuclide constituents for liner
compatibility in the ICDF Evaporation Pond

Suggested Maximum Activity

Constituent® Predicted b Concentration®
Activity Concentration in Leachate (pCi/L)
(pCi/L) P
Ac225 1.1E-07 2.4E+06
Ac227 4.5E-05 1.8E+08
Ac228 3.4E-10 1.0E+07
Agl06 0.0E+00 2.3E+07
Aglo8 4.1E-08 -
AglO8m 8.9E+00 8.7E+06
AglO9m 5.5E-11 1.6E+08
Agllo 5.7E-10 1.2E+07
AgliOm 6.2E-08 5.1E+06
Aglll 0.0E+00 -
Am241 7.0E+01 2.6E+06
Am242 1.3E-04 7.4E+07
Am242m 1.3E-04 2.2E+08
Am243 9.8E-04 2.7E+06
Am245 0.0E+00 -
Am246 4.1E-25 1.1E+07
At217 8.5E-04 2.0E+06
Bal36m 0.0E+00 -
Bal37m 4.6E+05 2.1E+07
Bal40 : 0.0E+00 -
Be 10 4.6E-06 7.0E+07
Bi210 1.1E-05 3.7E+07
Bi211 1.8E-04 2.2E+06
Bi212 5.5E-03 5.0E+06
Bi213 0.0E+00 -
Bi214 5.6E-05 6.6E+06
Bk249 5.4E-22 4.3E+08
Bk250 1.9E-26 1.2E+07
Ccl4 9.1E-03 2.9E+08
Cdi09 8.1E-10 7.2E+08
Cd113m 2.7E+02 7.7E+07
Cd115m 7.0E-52 2.3E+07
Cel4l 3.6E-71 5.8E+07
Celd2 0.0E+00 -
Celd4d 3.6E-03 1.3E+08
Cf249 8.1E-16 2.3E+06
Cf250 4.1E-16 2.4E+06
Cf251 1.9E-18 2.4E+06
Cf252 4.4E-20 1.4E+09
Cm241 3.2E-81 8.3E+07
Cm242 1.3E-17 2.3E+06
Cm243 8.9E-07 2.3E+06
Cm244 4.5E-04 2.4E+06
Cm245 2.0E-08 2.6E+06
Cm246 4.5E-10 2.6E+06
Cm247 1.6E-16 2.7E+06
Cm248 4.9E-17 3.1E+06
Cm250 1.4E-25 1.1E+07
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Table D-4. (continued).

. . Predicted Suggested Maximgm cActivity
Constituent .. .. b Concentration
Activity Concentration in Leachate (pCilL)
(pCy/L)
Co-57 3.7E-01 9.9E+07
Co-58 5.8E-15 1.5E+07
Co-60 1.9E+04 5.5E+06
Cr-51 7.7E-53 3.9E+08
Cs132 0.0E+00 -
Cs134 2.2E+01 8.3E+06
Cs135 7.2E-02 2.5E+08
Csl136 0.0E+00 -
Csl137 4.9E+04 8.3E+07
Erl69 0.0E+00 -
Eul50 5.1E-08 4 9E+07
Eul52 2.8E+03 1.1E+07
Eul54 2.4E+03 9.3E+06
Eul55 5.2E+02 1.2E+08
Euls6 0.0E+00 -
Fe-59 2.0E-34 1.1E+07
Fr221 1.0E-07 2.2E+06
Fr223 5.6E-07 3.3E+07
Gd152 1.1E-13 6.6E+06
Gd153 8.4E-11 9.3E+07
H3 8.3E+05 2.5E+09
Hf-181 1.7E-36 1.9E+07
Hol66m 1.1E-05 8.2E+06
1129 2.2E+04 1.8E+08
I131 0.0E+00 -
In114 4.8E-54 1.8E+07
In114m 5.1E-54 5.9E+07
Inl15 1.5E-11 9.3E+07
In115m 0.0E+00 -
K-40 1L.3E+02 2.3E+07
Kr81¢ 8.8E-05 -
Kr85° 1.9E+07 -
Lal38 0.0E+00 -
Lal40 2.2E-105 5.0E+06
Mn-54 3.9E-07 1.7E+07
Nb92 6.3E-18 9.4E+06
Nb93m 1.3E-01 4.7E+08
Nb9%4 . 8.8E-05 8.3E+06
Nb95 4.8E-32 1.8E+07
Nb95m 1.8E-34 5.8E+07
Nd144 1.4E-09 7.5E+06
Nd147 0.0E+00 -
Np235 8.4E-09 1.4E+09
Np236 8.6E-06 4.2E+07
Np237 8.0E+01 2.9E+06
Np238 2.7E-05 1.8E+07
Np239 4.1E-02 3.4E+07
Np240 3.5E-12 8.9E+06
Np240m 3.1E-09 1.5E+07

Pa231 1.3E-04 2.6E+06
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Table D-4. (continued).

Predicted Suggested Maximum Activity

Constituent Activity Concentration in Leachate” Conceél.t/rﬁtlon
(pCi/L) (pCi/L)
Pa233 7.9E-02 3.5E+07
Pa234 5.0E-06 5.8E+06
Pa234m 3.1E-03 1.7E+07
Pb209 4 8E-07 7.2E+07
Pb210 1.1E-05 3.7E+08
Pb211 1.8E-04 2.8E+07
Pb212 5.5E-03 4 4E+07
Pb214 5.6E-05 2.6E+07
Pd107 1.1E-01 4 3E+08
Pm146 2.4E-02 1.7E+07
Pm147 1.6E+03 2.3E+08
Pm148 1.7E-58 1.1E+07
Pmi48m 3.4E-57 6.6E+06
Po210 6.8E-06 2.7E+06
Po211 4.6E-09 1.9E+06
Po212 2.2E-03 1.6E+06
Po213 2.9E-07 1.7E+06
Po214 3.7E-05 1.8E+06
Po215 1.2E-04 1.9E+06
Po216 3.7E-03 2.1E+06
Po218 3.7E-05 2.4E+06
Pri43 0.0E+00 -
Pri44 7.4E-03 1.1E+07
Pr144m 1.1E-04 1.2E+09
Pu236 3.9E-05 2.5E+06
Pu237 8.6E-58 2.3E+08
Pu238 . 1.7E+03 2.6E+06
Pu239 4.8E+01 2.8E+06
Pu240 1.1E+01 2.8E+06
Pu241 4.6E+02 2.7E+09
Pu242 1.7E-03 2.9E+06
Pu243 4.6E-15 7.3E+07
Pu244 1.8E-10 3.1E+06
Pu246 9.9E-25 9.2E+07
Ra222 1.2E-115 2.2E+06
Ra223 . 2.0E-04 2.4E+06
Ra224 5.5E-03 2.5E+06
Ra225 5.1E-07 1.2E+08
Ra226 4.7E+00 3.0E+06
Ra228 1.5E-09 1.2E+09
Rb86 0.0E+00 -
Rb87 2.0E-04 1.8E+08
Rh102 5.7E-04 1.8E+08
Rh103m 5.4E-57 3.7E+08
Rh106 2.2E-01 8.8E+06
Rn218 2.1E-112 2.0E+06
Rn219 3.4E-01 2.1E+06
Rn220 9.2E+00 2.3E+06
Rn222 1.0E-01 2.6E+06
Rul03 3.6E-28 2.6E+07

D-18



Table D-4. (continued).

Predicted Suggested Maximum Activity
Constituent® . . b Concentration®
Activity Concentration in Leachate .
(pCIL) (pCiL)
Rul06 2.2E-01 3.6E+08
Sb124 4.1E-39 6.3E+06
Sb125 1.9E+02 2.7E+07
Sbi26 4.1E-01 4.7E+06
Sb126m 2.9E+00 6.6E+06
Sc-46 9.2E-20 6.7E+06
Se 79 4.1E+01 2.7E+08
Sml46 1.8E-09 5.6E+06
Sml147 1.7E-05 6.3E+06
Sm148 4.2E-12 7.1E+06
Sm149° 2.1E-11 -
Smi51 1.4E+03 7.2E+08
Snll17m 0.0E+00 -
Sn119m 1.1E-06 7.2E+08
Snl2lm 2.1E-01 1.6E+08
Sn123 6.5E-16 4.7E+09
Snl125 0.0E+00 -
Snl26 1.1E+00 2.7E+07
Sr89 5.0E-42 4.0E+07
Sr90 1.9E+06 2.4E+07
Tb160 1.3E-33 2.6E+07
Tbl61 0.0E+00 -
Tc 98 6.8E-04 1.1E+07
Tc 99 2.2E+04 9.4E+06
Tel23 3.6E-14 1.7E+08
Tel23m 2.4E-22 8.3E+08
Tel25m 1.8E+01 5.8E+07
Tel27 7.5E-19 8.9E+07
Tel27m 7.6E-19 6.2E+07
Tel29 - 5.4E-70 1.6E+08
Tel29m 8.6E-70 2.4E+07
Th226 2.2E-116 4.6E+07
Th227 1.8E-04 : 2.2E+06
Th228 3.3E-01 2.3E+06
Th229 5.1E-07 2.6E+06
Th230 1.7E+00 2.8E+06
Th231 1.6E+00 3.0E+06
Th232 1.6E+00 8.0E+07
Th234 1.7E-02 3.5E+06
TR207 1.8E-04 2.1E+08
TI208 2.0E-03 2.9E+07
TI1209 1.1E-08 3.6E+06
Tml170 2.7E-25 3.6E+06
Tml171 6.6E-12 4.2E+07
U230 0.0E+00 -
U232 8.8E-02 5.4E+08
U233 4.2E-03 2.7E+06
U234 9.9E+02 2.9E+06
U235 1.8E+01 3.0E+06
U236 3.3E+01 3.1E+06



Table D-4. (continued).

Predicted

Suggested Maximum Activity

Constituent Activity Concentration in Leachate® Conce(rzlit/rlitlon

(pCi/L) (pCVL)
U237 0.0E+00 -
U238 3.2E+02 3.2E+06
U240 4.2E-09 3.4E+06
Xel27 2.6E-68 8.9E+07
Xel29m 0.0E+00 -
Xel3lm 4.5E-108 4.6E+07
Xel33 0.0E+00 -
Y90 1.3E+05 8.8E+07
Y91 2.4E-36 1.5E+07
7Zn65 1.7E-07 2.3E+07
Zr93 1.4E+00 2.4E+07
7195 4.9E-25 7.3E+08
Notes:

a. Constituent reported in the “INEEL CERCLA Disposal Facility Design Inventory (EDF-ER-264).
b. Predicted average leachate activity concentration during the 15 year operational period.

c. The suggested maximum activity concentration selected for the ICDF liner system is based on a total absorbed

dose of 1,000,000 rads for the individual constituent and a 36 cm liquid waste depth.

d. The constituents are gaseous elements so not part of the leachate.

e. Stable isotope
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Appendix E

Suggested Maximum Leachate Concentrations for
Individual Constituents in Evaporation Pond Liquid
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Table E-3. Suggested maximum leachate concentrations for radionuclide constituents for liner
compatibility in the ICDF Evaporation Pond

. . Predicted Suggested Maximgm cActivity
Constituent . o b Concentration
Activity Concentration in Leachate (pCi/L)
(pCi/L) P
Ac225 1.1E-07 2.4E+06
Ac227 4.5E-05 1.8E+08
Ac228 3.4E-10 1.0E+07
Agl06 0.0E+00 2.3E+07
Agl08 4.1E-08 -
AglO8m 8.9E+00 8.7E+06
AglO9m 5.5E-11 1.6E+08
Agll10 5.7E-10 1.2E+07
Agl10m 6.2E-08 5.1E+06
Aglll 0.0E+00 -
Am?241 7.0E+01 2.6E+06
Am242 1.3E-04 7.4E+07
Am242m 1.3E-04 2.2E+08
Am243 9.8E-04 2.7E+06
Am245 0.0E+00 -
Am?246 4.1E-25 1.1E+07
At217 8.5E-04 2.0E+06
Bal36m 0.0E+00 -
Bal37m 4.6E+05 2.1E+07
Bal40 0.0E+00 -
Be 10 4.6E-06 7.0E+07
Bi210 1.1E-05 3.7E+07
Bi211 1.8E-04 2.2E+06
Bi212 5.5E-03 5.0E+06
Bi213 0.0E+00 -
Bi214 5.6E-05 6.6E+06
Bk249 5.4E-22 4.3E+08
Bk250 1.9E-26 1.2E+07
Cc14 9.1E-03 2.9E+08
Cd109 8.1E-10 7.2E+08
Cd113m 2.7TE+02 7.TE+07
Cd115m 7.0E-52 2.3E+07
Celdl 3.6E-71 5.8E+07
Cel42 0.0E+00 -
Cel44 3.6E-03 1.3E+08
Cf249 8.1E-16 2.3E+06
Cf250 4.1E-16 2.4E+06
Cf251 1.9E-18 2.4E+06
Cf252 4 4E-20 1.4E+Q9
Cm241 3.2E-81 8.3E+07
Cm242 1.3E-17 2.3E+06
Cm243 8.9E-07 2.3E+06
Cm244 4.5E-04 2.4E+06
Cm245 2.0E-08 2.6E+06
Cm246 4.5E-10 2.6E+06
Cm247 1.6E-16 2.7E+06
Cm248 49E-17 3.1E+06
Cm250 1.4E-25 - 1L1E+07
Co-57 3.7E-01 : 9.9E+07
Co-58 5.8E-15 1.5E+07
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Table E-3. (continued).

Suggested Maximum Activity

Constituent® .. Predxct'ed . b Concentration®
Activity Concentration in Leachate (pCilL)
(pCilL) P
Co-60 1.9E+04 5.5E+06
Cr-51 7.7E-53 3.9E+08
Cs132 0.0E+00 -
Cs134 2.2E+01 8.3E+06
Csl35 7.2E-02 2.5E+08
Csl36 0.0E+00 -
Cs137 4 9E+04 8.3E+07
Er169 0.0E+00 -
Eul50 5.1E-08 4 9E+07
Eul52 2.8E+03 1.1E+07
Eul54 2.4E+03 9.3E+06
Eul55 5.2E+02 1.2E+08
Euls6 0.0E+00 -
Fe-59 2.0E-34 1.1E+07
Fr221 1.0E-07 2.2E+06
Fr223 5.6E-07 3.3E+07
Gd152 1.1E-13 6.6E+06
Gd153 8.4E-11 9.3E+07
H3 8.3E+05 2.5E+09
Hf-181 1.7E-36 1.9E+07
Hol66m 1.1E-05 8.2E+06
1129 2.2E+04 1.8E+08
1131 0.0E+00 -
In114 4.8E-54 1.8E+07
Inl14m 5.1E-54 5.9E+07
Inll5 1.5E-11 9.3E+07
Inl15m 0.0E+00 -
K-40 1.3E+02 2.3E+07
Krg1° 8.8E-05 -
Kr8s® 1.9E+07 -
Lal38 0.0E+00 -
Lal40 2.2E-105 5.0E+06
Mn-54 3.9E-07 1.7E+07
Nb92 6.3E-18 9.4E+06
Nb9I3m 1.3E-01 4.7E+08
Nb94 8.8E-05 " 8.3E+06
Nb95 4.8E-32 1.8E+07
Nb95m 1.8E-34 5.8E+07
Nd144 1.4E-09 7.5E+06
Nd147 0.0E+00 -
Np235 8.4E-09 1.4E+09
Np236 8.6E-06 4.2E+07
Np237 8.0E+01 2.9E+06
Np238 2.7E-05 1.8E+07
Np239 4.1E-02 3.4E+07
Np240 3.5E-12 8.9E+06
Np240m 3.1E-09 1.5E+07
Pa231 1.3E-04 2.6E+06
Pa233 7.9E-02 3.5E+07
Pa234 5.0E-06 5.8E+06
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Table E-3. (continued).

. est i ivi

Activity Concentration in Leachate” - .
(pCi/L) (pCiL)
Pa234m 3.1E-03 1.7E+07
Pb209 4.8E-07 7.2E+07
Pb210 1.1E-05 3.7E+08
Pb211 1.8E-04 2.8E+07
Pb212 5.5E-03 4. 4E+07
Pb214 5.6E-05 2.6E+07
Pd107 1.1E-01 4.3E+08
Pm146 2.4E-02 1.7E+07
Pm147 . 1.6E+03 2.3E+08
Pm148 1.7E-58 1.1E+07
Pm148m 3.4E-57 6.6E+06
Po210 6.8E-06 2.7E+06
Po211 4.6E-09 1.9E+06
Po212 2.2E-03 1.6E+06
Po213 2.9E-07 1.7E+06
Po214 3.7E-05 1.8E+06
Po215 1.2E-04 1.9E+06
Po216 3.7E-03 2.1E+06
Po218 3.7E-05 2.4E+06

Pr143 0.0E+00 -
Pri44 7.4E-03 b 1.1E+07
Pr144m 1.1E-04 1.2E+09
Pu236 3.9E-05 2.5E+06
Pu237 8.6E-58 2.3E+08
Pu238 1L.7E+03 2.6E+06
Pu239 4. 8E+01 2.8E+06
Pu240 1.1E+01 2.8E+06
Pu241 4.6E+02 2.7E+09
Pu242 L.7E-03 2.9E+06
Pu243 4.6E-15 7.3E+07
Pu244 1.8E-10 3.1E+06
Pu246 9.9E-25 9.2E+07
Ra222 1.2E-115 2.2E+06
Ra223 2.0E-04 2.4E+06
Ra224 5.5E-03 2.5E+06
Ra225 5.1E-07 1.2E+08
Ra226 4.7E+00 3.0E+06
Ra228 1.5E-09 1.2E+09

Rb86 0.0E+00 -
Rb87 2.0E-04 1.8E+08
Rh102 5.7TE-04 1.8E+08
Rh103m 5.4E-57 3.7E+08
Rh106 2.2E-01 8.8E+06
Rn218 2.1E-112 2.0E+06
Rn219 3.4E-01 2.1E+06
Rn220 9.2E+00 2.3E+06
Rn222 1.0E-01 2.6E+06
Rul03 3.6E-28 2.6E+07
Rul06 - 2.2E-01 3.6E+08
Sbl24 4.1E-39 6.3E+06
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Table E-3. (continued).

Suggested Maximum Activity

. a Predicted e
Constituent .. .. b Concentration
Activity Concentration in Leachate (pCi/L)
(pCi/L) P
Sbi25 1.9E+02 2.7E+07
Sb126 4.1E-01 4.7E+06
Sbi26m 2.9E+00 6.6E+06
Sc-46 9.2E-20 6.7E+06
Se79 4.1E+01 2.7TE+08
Sm146 1.8E-09 5.6E+06
Sm147 1.7E-05 6.3E+06
Sm148 4.2E-12 7.1E+06
Sm149° 2.1E-11 -
Sm1l51 1.4E+03 7.2E+08
Snll7m 0.0E+00 -
Snl19m ' 1.1E-06 7.2E+08
Sni21m 2.1E-01 1.6E+08
Snl23 6.5E-16 4.7E+09
Snl25 0.0E+00 -
Snl26 : 1.1E+00 2.7E+07
Sr8&9 5.0E-42 4.0E+07
Sr90 1.9E+06 2.4E+07
Tb160 1.3E-33 2.6E+07
Tbl161 0.0E+00 -
Tc 98 6.8E-04 1.1E+07
Tc 99 2.2E+04 9.4E+06
Tel23 3.6E-14 1.7E+08
Tel23m 2.4E-22 8.3E+08
Tel25m 1.8E+01 5.8E+07
Tel27 7.5E-19 8.9E+07
Tel27m 7.6E-19 6.2E+07
Tel29 5.4E-70 1.6E+08
Tel29m ‘ 8.6E-70 2.4E+07
Th226 - 2.2E-116 4.6E+07
Th227 1.8E-04 2.2E+06
Th228 3.3E-01 2.3E+06
Th229 5.1E-07 2.6E+06
Th230 1.7E+00 2.8E+06
Th231 1.6E+00 3.0E+06
Th232 1.6E+00 8.0E+07
Th234 1.7E-02 3.5E+06
T1207 1.8E-04 2.1E+08
T1208 2.0E-03 2.9E+07
TI1209 1.1E-08 3.6E+06
Tml170 2.7E-25 3.6E+06
Tmi71 6.6E-12 4.2E+07
U230 0.0E+00 -
U232 8.8E-02 5.4E+08
U233 4.2E-03 2.7E+06
U234 9.9E+02 2.9E+06
U235 1.8E+01 3.0E+06
U236 3.3E+01 3.1E+06
U237 0.0E+00 -
U238 3.2E+02 3.2E+06
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Table E-3. (continued).

Predicted Suggested Maximum Activity
Constituent® . . b Concentration®
Activity Concentration in Leachate (pCilL)
(pCilL) P

U240 4.2E-09 3.4E+06
Xel27 2.6E-68 8.9E+07
Xel29m 0.0E+00 -
Xel31lm 4.5E-108 4.6E+07
Xei33 0.0E+00 -
Y90 1.3E+05 8.8E+07
Yot 2.4E-36 1.5E+07
Zn65 1.7E-07 2.3E+07
Zr93 1.4E+00 24E+07
Zr95 4.9E-25 7.3E+08

Notes:

a. Constituent reported in the “INEEL CERCLA Disposal Facility Design Inventory” (EDF-ER-264).

b. Predicted average leachate activity concentration during the 15 year operational period.

c. The suggested maximum activity concentration selected for the ICDF liner system is based on a total absorbed
dose of 1,000,000 rads for the individual constituent and a 36 cm liquid waste depth.

d.  The constituents are gaseous elements so not part of the leachate.

e. Stable isotope
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